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WOFORE

n February of 1969, Presldr_ni Ni,,on esfr,:., sl,ucl a Space Task Group to
provide a "definitive recommendation on ihe dir_cilon which the U. S. space

program should take in the post-Apollo perio:J °" As one of its contributions to
the Space Task Group, the National A,_ronauiics and Space Administration

prepared a report entitled "America's Next Decades in Space". That report

stressed the program approaches necessary to move toward selected goals and

objectives of the space program atdifi:erent reasonable rates. Those goals and
objectives were abstracted from prevlousiy developed material which, together

with statements of values inherent in pursuit of space pro]ram activities, are

published herein. This report therefore serves asa complement to "America's

Next Decades in Space".

This report is organized by program category, each category being a logical
grouping of program activities by scientific or technological disclpline° Within

each category, the long-term, unchanging goals, are enunciated; these are the
basic reasons for undertaking program activities. In pursuit of the goals, there

are broad and specific objectives, or defined steps, laid out as the major
organizers of program activity. For each category, either achievements or

capabilities are defined which the United States could reach within fifteen to

twenty years were energy and resources applied; these achievements orcapabilitles

represent the kinds of valuable returns foreseen from space activities.

September, 1969



During the pastdecade the United Stcltesdevelopeda spaceprogramthat
encompasseda broadspectrumofaclivitles. In the decadeaheadwe look
forward to building on the experience of th_s pnst decade in order to develop
new capabilities in space thai can and will be used for the benefit of mankind

and for further exploration into the unknown depths of space.

Such a space program would serve a broad range of national purposes; scientific,
technical, economic, social, and political, ar,d would further the goals and

objectives set forth in the National Aeronautics and Space Act of 1958:

"The Congress hereby declares that it is the policy of the United States

that activities in space should be devoted to peaceful purposes for the benefit
of all mankind."

"The aeronautical and space activities of the United States shall be

conducted so as to contribute materially to one or more of the following

object ives:

(1) The expansion of human knowledge of phenomena

in the atmosphere and space;

(2) The _mprovement of the usefulness, performance,

speed_ safety, and efficiency of aeronautical and space
vehicles;

(3) The development and operation of vehicles capable

of carrying instruments, equlpment_ supplies, and living
organisms through space;

(4) The establishment of long-range studies of the potential

benefits to be gained from the opportunities for_ and the problems

involved in the utilization of aeronautical and space activities

for peaceful and scientific purposes;

(5) The preservation of the role of the United States as a

leader in aeronautical and space science and technology and

in the application thereof to the conduct of peaceful activities
within and outside the atmosphere_
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(6) The makingavailcble to a_enci_,,s_d;,,_c*'[y:-on::,"rn.r_d
with national defenseof discoveries il.x_;h:.*v.,r,)iiii_ 0 ,_,a[ue
or significance, and the furnishing I::,ysu_!__:L:-,,.:..i,::_:, i_sike
civilian agency establishedto di:ect __.:_c:_:.;__.i,o!:,. i! ilary
aeronautical and spaceoctivitlus, of :,n,,'.rn:'_,"",on o: io:.Jis-

coveries which have value or slgni!:icar_ce to t-ll.:_i a_;_.._.},;

(7) Cooperation by the United _ '_ ''al-_,_,s wt_n q, lher n.:i ions

and groups of nations in work done pursuant to ft,is ,_,c.i and

in the peaceful application of the resulls thcr<_of; end

(8) The most effective utilization of the scientific and

engineering resources of the United States, wiih close

cooperation among all interested agencies of the Uni_r:d

States in order to avoid unnecessary dupllcation of effort,
facilities, and equlpment."

The Act itself and its legislative history also made perf_c_ly clear the

stron@ intent of the Congress that the core of the United States space effort would
be an open civilian program that all the world could see was indeed "devoted

to peaceful purposes for the benefit of all rnank,:nd", a decision that has time

and again proven of great value to us on the international scene.

These goals and purposes, which were established at the beginning of the Space

Age, are as valid and worthwhile today as they were when first enunciated. They
continue today as the general expression of our ain:s in space, and just as they

underlay our decisions and program choices during the past decade, so must they
underlie our decisions and choices for the next decade.

However, in order to formulate a specific national space program, the national

goals set forth in the National Aeronautics and Space Act must be translated into

action type goals and objectives that correspond to potential capabilities, explicit
needs, and opportunities of the future. Accordingly, three broad goals have been

identified for future activities in space.

= To have the capability of operating in and exploring space.

- To apply space capabilities for direct and identifiable benefits
to mankind.

- To explore and understand the universe.
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Moving toward the achievement of fhe_e goals requires .'-he development
and application of new technology to provide: the capabilities needed t:or

future operations in sI_aCeo In _urn, we must !cam _o uiilize th,_se new

capabilities far the benefit of mankind and to explore tl_e far reaches of
space. Thus, NASA's planning toward i_s fu_ureprogram in space reflects

these requlrements.

To provide a focus for this program in pursuit of the Agency's space goals,

several broad program objectives have been established. These program

ob iect ives are:

To develop the technology and the space vehicle systems

necessary to operate in space and explore space near the
earth, on the moon_ and throughout our solar system; and

to utilize the unique capabilities of man in these vehicle

systems to enhance space operations and exploration.

To develop the space capabil]tles that contribute to manage-

ment of the earth's resources and the human environment_

and to facilitate the appllcatlon of space systems to the
needs of communication and navigation.

To explore and understand the moon, the planets and space

environment in our solar system, the sun and the cosmic
environment, and the behavior of organisms in the environ-

ment of space.

In the pages that follow we dlscuss these goals and objectives in detail

for each of NASA's program categories. Also, we bring out the values
that are associated with the achievement of the goals and objectives. The

technique used to highlight the values is to indicate future capabilities that
are believed achievable with an adequate application of resources.
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The first decade of manned space fligh_ ..... .-_.d-;i;,. for to operate in space:.,':no_ls . _cc_i_: _,,_.<,i_, .,,- men, /

and began the development and exp!o};u:ion rS ;[_;_:c"; :l_;.y i',_r, _,._;i_the program to land men

on the moon. Building O.q ihe sL)cCeSSo[ i:,oiuci t,':: ,c_.: ': 1!,e (_.-zr_,i:_iand Apollo programs

'' I sysf, {_:,ii: :. ,-,-,) ,t_lln_d manpower for thewere initiated to provide the ,p::ce ve_c,_ ,:::, ,_..:s, ....
steps leading toll)e successfuJ mc_nned lun,_r lan:!i,:9:, c_ ,i_._ed iod:.Jte.

In the course of these programs ",ve have c',_Jx,elo;," cj cl)_J ,_, ii c_nsl'iate.d the following capabilities:

A Saturn V system that can place 250,000 i-.'u:_:Is in low earth orbit and

send a 100,000 pound payload to the moon.

tl Spacecraft systems that can support fierce m_n in space for periods of two
weeks.

Spacecraft systems that can place men on t'.t:, moon and return them safely
to earth with samples of the lunar surface.

The ability of men to perform useful work in earth and lunar orbit and on
the moon.

It is planned that the Apollo program will continue the manned lunar exploration activity and
further exploit the significant scientific capability dem,,>nstrated by Apollo 11 and 12.

Project Skylabt which is scheduled to begin operational flights in 1972t will utilize

Apollo hardware and systems to conduct extendc, d manned operations in earth orbit. The
basic structure of the upper stage of a Saturn V launch w:hicle is being modified and outfitted

as a space workshop, capable of sustaining three men in earth orbit for about 60 days. The

program will include a series of manned Visits to the workshop.

The prime objectives of Project Skylab are:

To operate a broad spectrum of science and technology experiments that will
be carried by the workshopt including the conduct of solar observations using

a man-tended telescope.

To obtain detailed data on the biomedical functioning of man for extended

periods of time in the unique environment of space.

To determine the habitation requirements for extended manned staytlmes
of man in space.

To study the effectiveness and utility of man as an experimenter and space

station operator.



, ...................

- L__

\

• r.j _j

_f

i _ L,,_ _
i

PROJECT SKYLAB SPACE WOI_KSHOPWIIH TELESCOPE

Goal
m

Although the Apollo Program and Project Skylab will substantially enhance our knowldege

of manned space systems and permit the conduct of an extensive research program_ more

efficient and productive utilization of space must await projects and activities beyond
Apollo and Project Skylab. Thus_ our future program goal for earth orbital manned space
flight has been identified as:

The extension and utilization of the unique capabilities of manned space
flight for the enhancement of our scientific and technological knowledge_

for beneficial applications, and for the exploration of space.

Possible Future Capabilities

It is technlcally feasible for this nation to attain the following capabilities during the 1980's

through aggressive pursuit of this goal:

A large permanent general research, development, and operational base

in earth orbit having the operational flexibility and capability necessary
to support a broad spectrum of scientific, technological, and applications
oriented activities.
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A rwh!_' r _'f" " ,_;__ , u,.... _ ,.i i::.c,:J stutio..-u. _.,,"v,:_"i,-_t.,,_o:-b ira! inct inqtlons and

a!tltu_;. ,.,¢_ '._ ,:.,' ,.:::_,),ing out a wldc ran2u of su;er4ific arrJ applications
actlviti_s,

An op:..,re_;c,I_.::! rrcr_,F,c,:i,,;ion sys!cm caF,abie of rouline!7 moving men and
materlc!- tc: c'.;:( from :::._'; orbit q'r J,'_,,vcost in or, environment comparable

I 1 "with. fr_c_ _, oi: i:_{ <,,t n frc!,,::.7o_,......... ,uircra t:I.

® ComplcA ion of ', ,_* i_::,:c_,.:_.ry qualificatlon oF man, systems, equipment and

procedu,.:::s i_, ::upped r:! vary long duratic, n manned flights such as extended
' " _ (I:]:Ct io_] rn issions.lunar o_:J ]:At:'.,,: i_=_-yex_.,

The extent of the combin,:_d values il_at will accrue to the nation through the attainment of these

capabilities cannot be praiac(ed wbh accuracy at this time. Their full value will be realized

as experience develops our underslanding of these capabilities and allows their beneficial
application. However, arnong those things that application of these capabilities will permit

and enhance are the follo',,'ing:

The ability to carry out science, applications, and technology activities in
space under living and working conditions similar to those found in ground-
based facilities.

Facilities in the space environment that could be used to study and develop

new technologias, materials, and processes that cannot be developed on
the earth.

research and development facility in space that other government agencies

could use for general and specific purposes related to their own areas of

responsibility in much fhe same way that present government-owned ground-
based laboratories are utilized.

A capability to conduct selected research, development, and eventually

operational activities which require special orbit characteristics.

A reduction in earih-to-orbit transportation costs sufficient to make the

use of space economically accessible to a broad spectrum of users both for

manned experiments and for launching special automated payloads.

A transportation system with low levels of acceleration during launch and

reentry that would permit the use of a broad spectrum of scientists, engineers,

and technicians in space and not require the degree of specialized training

and physical conditioning required for astronauts.

The ability to service automated satellites, designed for manned attendance,

in space or to 1rc:nsport them back to the ground.

Multipurpose earth-to-orbit and orbit-to-orbit transportation vehicles that
could have additional utility for defense purposes.



&,n abi! ily in, f,_r+.-.ig:',r,:_iion_ls ;,.s _..r_;, I, _c i_ .:,'i;ii_;i cci iviiies v.,i,_h lMi!-r_d
Stal-es scluntis;s r;_.:! c_;_n_,c, rs,. iJ_u:: fC'_r'i:_g ;he !."SIS _ar brocrder international

coope rclt]on.

0 Anabiliiy to apply systen,s and _e:::!_no'_o,,,,J,dev,_loped for ecsrth orbilal operations
to manned exploration ot lhe moo:, and M_-_s,

0 The ability to develop in earth orbit, prior to the !-imo for commitment, technoi%y,
equipment, and operailng proc,-;dures applicable fo manned exploration of Mars.

This provides inl'ormation that v-i!i I::er_nif a mcrnn-ed pianeiory mission decision to be

made wiih a high degree of confidence in estimates of technical feasibility, resource

requirements, and development schedules..

OBJECTIVES

In order to achieve the capabilities necessary to carry out a comprehensive space program during

the next two decades, significant extensions to our knowledge and technology must be made.

These will include significant increases in our understanding of man's capabilhies and require-

ments in the space environment as well as a further development of man's capability to carry out

scientific, technological, and applications programs that are planned for earth orbital operations.

To support the goal of earth orbital manned space flight and to attain the possible future capa-

bilities, several broad objectives have Been identified° The first of these is:

1 - Define, select, develop, and conduc! scientific, technological, and applied

experiments that are advantageously associated with a manned system,

!1"Fi LU :'"t '.

r- i ,_
' -"'_ i r ! ', i' '
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,.q]r ....... ".",' _' h! ,r_ F_d_,*._'-:
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UTILIZATION OF MAN IN EARTH ORBIT FOR SCIENTIFIC, TECHNOLOGICAL, AND APPLICATIONS PROGRAMS

4



:_enls i_ c,_der _o l_urn which _re (:_hcncud the mosi by the ler_,._.enc:f;_,_ th,_ crew. !

;nvoi,_u ,':::_erim::n/afior, w,iH'_ n-cw t..:cl_no[ogical or d_ve_o.r, rn_..r,t,Ji us_:!: of spr_c__.stc- .-
c_ctlviii_:s will b__.co,',duct{_.d with a view toward de'¢_:lc,ping 11_,.full u l;li_y of the _..-

ionmer,_c_l capability _pace s_nfions offer as well as deve'_oping _(_chnologi-:_s and cc._,_,.-

whicl, _:,._nbe uscci in lunar and planetary e×ploratlO,no These c_cfiviti_'s ore ch_._;c_..

the follov,,ing specific objeclives:

©blain biomedical and behavioral data on men in -:pace over s×tended

period_ of time (from six rnonfl_s to up to two years in duration) and at

various levels o_ crfificial gravity.

Conduct tests and studies pertinent to the development of design criteria

for habitation, llfe support and protective equipment for men in long-

duration space operations.

o Establish a capability to conduct rapid testing and assessment of a wide

variety of earth-orlented and other earth survey--systems sensors in the
orbital environment.

0 Establish the capability to support research in space on materials and procc.,..,

st_ch as the production of lightweight high strength metals by levitation fcx .... ._
and the production of large crystals for application to electronics.

Identify requirements for, and develop equipment and procedures to assure

the effectiveness of man in, the pursuit of science experiments, applica-

tions tasks, and vehicle operations such as telescope manipulations,

laboratory techniques, extravehicular activities, rescue, docking, and

cargo handling.

Identify requirements for, and develop operational concepts and techniqu,,,

to conduct, activities and experiments in support of major scientific and

applied disciplines, such as astronomy, bioscience, physical science, and

space manufacturing.

Closely allied to the first broad objective is the need to capitalize on the scientlfi,- ,_nd

engineering results and the operating experience obtained with the space station in ,, _,_ th,_ t
provides both direct and indirect benefits. This need leads to the following broad "_'J,',tiv_:

2 - Identify, evaluate, and exploit the economic, scientific, technical, social,

and geopolitical implications of a Iong-duratlon manned space facility.

Early space station operations in pursuit of the above specific objectives are preruq_,i.,i_.., t,,
achieving the second broad objective. The following specific objectives also com,it,_,_, t,_
the identification of the activities through which the space station can be utilized _,,_,t

exploited for maximum benefit:



0 Identify and develop, wilh the h,_Ip of i_.pr_-'.sentoliw:s of ir_!_st,),, the

universities, and other 9overnr::e_,t a_!e_,ci_:s, tccJ_,i_:.al and _._pc,r,__iionol

concepts that h_,,,e been cJemonsl_afe_J t,_ req,..,ire };:..: ,.'.rfique cl_viror ment

of space and to benefit from or r_qL.i"e _h_::l._articipaiior_ of man.

8 Identify requirements for, and concepts of, laboratories, ohservalolies,

and other user facilities and the c_ssock_t_;d operatioi_al techniques c_nd

procedures necessary for itT,plementatic:n oF programs.

4, Establish a f,namework for inter_atlona; participation.

In conjunction with the first two broad objectives, it will be necessary to further develop our

capabilities to carry out manned earth orbilal operations. This extension of our capabilities

will make it possible to realize the benefits of long-term earth orbital flight. The next objec-

tive supports this requirement:

3 - Develop and demonstrate practical concepts for establishing, operating, and

maintaining long-duration space stations, involving significant increases in
useful life.

t

d
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CONCEPT OF SPACE STATION MODULE AND ITS PO[FNTIAL US_:3
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/_,chlevemen| o,F this obiec_!,,'e ira:j!; .:_ tl.t: d,.-::;Etr7, ,_::_,{..!o!)n_:T_, or;.' r:, :2r(_;c,:1 of ol_' or

several sp.qce stations on (_ pglr/IOll_i'!" bO:_iS, li_ _ V,_,! r,::qu_r,:_ !i',e _-.'f,: :_'.,ion c,f curre:h_
capabilities end the develo;>ment of new co_cepf:, i,_ ,7 ntJ:,_;_.:r of Qr:".7_,. S_r,,e of the ;no:.t

im[)orfanf and evident co:_(:epfs a_c. E!xle:_d ccm",o,_,. _t and sul;_y._;fc_ !ifetlmes to scv,.:;ol yecrs;
' ex,c:n..t:_.., periods ofobser_,e and define the rc,acfions and physlc:c,I llr_,ilc'tir_ns of T;e crew tar ' -, _

time; define, develop, anct dc:mon:_f_:_le th,.; cnv[rc._,,:,'_d _lnci st, ppori systems to v,i,lch n-;un is

most compatible in space; d{:ff;ne and imp)lament ,r;,: L_:c,'_l_dc;;-.,-_ations requir<;d !o continuously

support a space station; d_-vc_op and _._utilfl_: use roui'_ilc: and cr;_,ergcncy oper,u_ing procedures

for a space station; and e:,_c_::lish an undersiat,,dir, g r r 'he types of tasks that thc crew cc_n best

perform in operating the space station and in conductinq experiments,

Based on this broad objective, the following specific objectives have been established:

Develop and operate space station modules that can accommodate up to

twelve men; that can support laboratories and observatories for the pursuit

of science, applications and technology goals; and that will incorporate
the capability to support space operations such as providing services to

satellites or remotely operated modules.

Define and develop the techniques and equipment for clustering space
station modules to establish a large general purpose research and

development facility.

Develop and gain operating experience related to the resupply and main-

tenance of multimanned space stations, including the resupply of expendables

as well as equipment and experiment payloads from earth-to-orbit and
orbi't-to-orbi t.

• Evaluate man's capability to survive in space for long periods of time under

a variety of artificial gravity conditions.

Develop and demonstrate, under operational conditions, suitable modes of
manned operation outside and within a space station for routine and emer-

gency activities.

• Identify needs and develop means to capitalize on man's abilities and his

participation as an experimenter and operator in space.

The ultimate extent to which manned systems will become important tools for mankind will be

dependent upon their costs. Therefore, a fourth important broad objective of the program is:

4 - Improve the effectiveness and lower the costs ot: manned space flight systems
and operations.

1his objective relates to the space station and to the transportation system that will carry men

and material between earth and the space station and between the station and systems it supports
in other orbits. It will be important that the space station be designed to operate with a

minimum of logistics requirements. this implies a great deal ot: self-sufficlency in terms of long-

life components, on-orbit maintenance and repair in the event of failures, and flexibility to

adapt readily to changes in the experiments or on-board operations.

7



In contrast to current systems, rite transpor_a!ior_ system should embody aiIplane-lit...e

characteristics to tl_e rr_axirrlum extent posr,7t:,!e ir_ tc_rms of reuseabillty, availability f'or rap{d

turn-around, and level of grotJnd support.

r

i
!
!
I

!
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CONCEPT OF A REUSABLE EARTH-TO-ORBII LOGISTIC SYSTEM AND ITS PLANNED USES

The specific objectives that will lead to these space station and transportation system capabili-
ties are:

Develop and operate a low-cost earth-to-space and earth--return transporta-

tion system which will be designed to operate with minimum ground support,

allow recovery and reuse of the major subsystems, and require minimum
refurbishment between flights.

Develop long-duration space systems which utilize high reliability corr_-

ponents to minimize resupply and repair reqtJirements, and which also
take advantage of modular techniques to allow use of on-orblt maintenance

and repair in case of failure.

Define and develop a modular space station concept which offers flexibility

to adapt to changing mission requirements and payloads, and wl_ich would
also be adaptable to extended lufiar exploration and manned missions to
Mars,

8



is made to proceed wi!h a rn.ann,__d p!c_i,:.'tary _" ' .... _ '
¢ , ..... ;rc,;_:r',_nt o_>i '.:': ci_. ii:,r:. _.;_:: 'c:_ir,,_tests of critical compommts and .,cbo/_tc.m., in ar_ _r,'_

extended ooeration, on the moon and fli-_-'-<_,.,.....to l';' i5. I) 'i :l'tg iJq_.: ,], , ,:_,!, i , :'lit i"; ;' ;' - L: [ SUCh

,l,,. (,:',, ,i [i_ c; ,_pc;ceprograms, there will be a variety of der,_unstratior_ i,_sis .... it ,.viii ,_._,' "' ' '

environment. It will also be nccc:;sary to condu_::_- tesls or', mar, i, ,::.:;,,r: '.,_c ',vcl! !: :i;:_; for ihe

duration and in the environment of a planetary mission. _hJch ',..: '.viii _.!, r_pro .,:: u:cful for

developing equipment and procedures appllcabl._ .,o e-<tu:_ded o:.>'.i,T_,>_ o:. ,,e,_,:_:,n. Inus,

the following brcyad objective has been developcc_:

5 - Use earth orbital manned flights for test and dc:velcpment of ,.::iu;i:.:_:_i,i cr,:l

operational techniques applicable to manned lunc:r and I: I,: r-,_'i_,ry c::,:,l,__r,:ii¢,_.

The manned space station is viewed as a laboratory facility in space where rearm., d lunar and

planetary program tests can be conducted. The following specific: obieclivcs hav_-: bean defined
for these activities.

Obtain biomedical, behavioral, and performance data on man and de\,clop
the techniques and protocol pertinent to the maintenance of his v,,r.:ll bclng

for periods of flight extending to those required for missions to Moors.

Fly an operating space station module continuously for durations typical of

Mars flight times to obtain data pertinent to the establishment of

design criteria for manned systems that are required to per;arm o\,c:r mese

time periods and to verify proposed operational techniques for lhe conduct
of such missions.

Design, develop, and flight test critical long-lead items and procedures
required for extended lunar operations and for expeditions to Mars.



', | L _'_ r ¸:¸' i"" \ ? ' !. '_' t" ' __.._!,i_._ L,;i,_. _ ,_i

The fx_st ten years have great ly expclr, ded our !.',nov.,l 4!_ ' of i'_,;";r'.oc:_ ,'_so_:: ,_;_E-ion prepared

for and accomplished the manned lunar landil_g goal. Un_:,c_ ;u:d sl:,:, ,.c_afi,',,c_r,_ the fi',st

flight vehicles used for lur_sr exploralion. ji_cy p:c.,,id_,d b¢;_',, sck_r_ iric a,';:l _,,5_neerir_g
information of importance Iotl_e manned Apo!io lan:!i_',gs. TJ_o scic,_:i;f]cd,-'._.ia _._:sisted in

the planning of the science ¢:ctivities to be conduct:,d i)y _: ,.;s',rc':-:: : TI,.',: cp.gineering
data, such as soil bearing str_ngth, extent of dust c,_w_r, su::,,_ca pi,.;,i,:,ci_,'_pi_s, a:','l gu[d,_lce

a:_d navigation parameters fat orbit and landing conriri,_aJ the; ¢,:Jc,q_,:-:,v of il,_ LM design for

landing on the moon and aided in planning the fllgl_t p:-ofilr: ¢t_,,_acl _islics from orbit to
touchdown.

Basic problems being addressed in the exploration of the moon fall (:l;i,_:fly inlo three

categories:

Composition and structure of the surface of the moon and processes

modifying the surface.

• Structure and processes of the lunar interior°

History or evolutionary sequence of events by which the r,,oc_n has
arrived at its present configuration.

As a result of Ranger and Lunar Orbiter photography, we felt certain thnt volcanic activity
had occurred on the moon and might still be taking place° Detailed photos of slnuousrilles,

with meande,'ing patterns quite like terrestrial rivers, suggested flowir_g water and past
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cfu-:ospl_.cres.!]tern:;n!alan, i *:is n,,:'_ ',;]* ii :_,, ',._ ', . ,c:aft ,!_ov.'(_'da simiJa_ity

to terres}rial _,.,icanic rock.-- ba-;ali. i-',_f: s:_::_i., ',: ....!',,,<_:,:,_.:;uts t:ro,_1_ht back are similar in
many respeclstobc_saJf fo,,_,_.,:ton the i:[_s<,r .r.:r,..,,_, :_,!.esi'.-:,, ,'et the),a_e compositionally
distinct from earth rocks. Tl_e "rr.teliir::j _,c'" ;:_ i,i..i ;J,_:,,, L_.._ed was vary hoi'-- perhaps

2000°F -- co;reparable Io vo!canic cl_'_:r_'.,e_s_". i_:: .,, [1. ,lo..' over, l ilile or no wafer was

present when it,a iut_nl rocks solidifie_do

' ..... , I c, tChips of an entirely_;irfel'er_t rock -- i_ol br;.,_!i i_-,,::,_,:. :..,_:;i_feunJ in the returned
samples and are be!iew:d to h_,,'e bcn_ l}_r:_'._.r, i_;:o ii,. :.*:ca t,':, muteor impacts in the high-
lands. Con[irmationwill have toav,cila hill I._.::-_t:_", ....

Lunar Orbiter's discovery of local mass--conc,:r,',rc,'r;o_,:, "mascur, s", which warp the lunar

gravity field near large circular baslns_ _na"'ca', r_s ti:,:,', ii_e i._r_c_r interior is cooler and more
rigid than that of the earth. This conclusion is sup?,.,,;,-._.i by maasurements made by Anchored

IMP (Explorer XXXV) in lunar orbit; its observalion_ s,_.,it:iesf Io',ver electrical conductivity in
the interior and lower temperature in tt_e outer porlior_s ol" the moon.

In order to better understand the nature of the moon's internal structure, seismic data is of

prime importance. SeismometersemplacedbyApollo 11 and 12 have recordeda number of

natural events which may be meteorite impacis or w/!car, ic aclivit/ -- they do not appear to

be sudden movement along a fault trace. The most p_,zzlingdata occurred when we deliber-
ately impacted the Lunar Moduleaffertheaslron_au:s were through with it. The resulting

signal lasted for almost an hour-- on earth it would have been over in minutes. Seismic

velocities suggest that there is extensive shatlering ne_r the surface, beneath which an

efficient wave-guide exists, quite different from the crust of the earth.
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E,'e_tre,ore suq._lisingi,; /,l:,O!lC 12's :]i:. : :,v_-_r}:o' ,,, wr_.-.i: _, :ll I i. '," '.:" q !o 10 tim_:s greater

_ha_- was exi:,_.:cted fr_s.r,',,_t_,c_;._te:J !ivil _ ,.._,id_(;,.,_<:I d:!c,. I-.:'sld,..,'. rr,,',:!", !;sm has alto been

found in som_:- of the lbp.clr sparsil._el-ls. [he ',_,o._ mc_). ,,..: I _ iv::v: t _:1 ,:, ,_?,_ificarfl magnetic

field long a.o,o, wt,en it was rnuc[', closer to ti;,..'. '.,__,rth. t,:l,c;__;,;!.._-.i its r..:lo_. _he earth's strong

field to its liquid core, so the possibiIity is rais_'.d 1hat i_,c. mc':,:_ n_oy i_c.,.,a had a me!ten interior
at one time, in the past.

Telescopic studies el the lunar surface in _ile v]sii:.!e, ir,ft,:_:-:_.4, _.:',havic!.,t, and microv.,ave

portions of the electromagnetic rpectrur; sugges_ ti,ot til_. r',oon is c'n.emi," ,_ily and mlne.ralcx'jically
heterogeneous_ The rocks from Ar_ollo 12 are a billion }':.,_,rs y,',,., _!er lItqn those From Tranquility

Base (Apollo 11) and differ chemically, l'hus, lhc moor, '.._;'p.:.ti,,iiccd af ica_f two periods of

volcanic actlvil-y which led to the emplacement of tI_es:, Iv, o difl,.,runt age rocks.

-The rocks from Apollo 11 and ]2 are from the dark "mare" or srsc:s, which are among the

youngest features on the lunar surface. These basalt flows fill cr, crrnous basins calved out

of the older highland surface. Samples from the Ocean of Stolrns (Apollo 12) are about

2.5 billion years old; rocks from Tranquility Base are more than 3.5 billion years old, as

old as ihe oldest rocks found on earth. The reason age is so significant is i-hat we suspect

our earth and moon_ along with the rest of the solar system, formed about 4.6 billion years
ago. We know nothing of what happened on ear.d; in its early history, because erosion by

water and the atmosphere has completely erased this record. We now knew that changes

occur far more slowly on the moon, preserving clues to the earth's oriain and early history.

Some of the returned material has been shown to be a billion years older than any ever found

on earth° It dates back almost to the time we believe that the planets were actually formed--
making the moon a "rosetta stone".
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Thes,' roe!: ',,:\.,ci..i.._,:,nor r:_._rthe su_racefor varying periodsup to 550 million years,
leCr;!clii-t_t,..':i.;ii: iL; iJ! lJle ._u_i'sactivi!y. F:romthe lunar su_n_ples it may be possible, tllrouqh

corrctaiior_ v,,_iJ: i"_ :i i_:'..• ag_.s _nd troplc_i periods, to undarsland the influence of sok_r acllvily
on lhe earl",_'s ctin.'_t_.

The current __ir,..nis to contln_te manned I{:nar exploration, utilizing the Apollo procured la.Jnch

vehicles an..l si.,acuci,:_fi tha; r_:main on hand, for landings at craters, in the highlands, and

near rlvel-lik_; riiios _o stud), !h.:_.sedifGr_.n, _ feaIures, and to determine the chronology of

major evenis I_sc_dir_; to their formation.

Goal

Although t!-;use Apollo type lur, ar missions will substantially increase our knowledge about the

moon, we will still I_ave only scratched the surface. There will remain much of importance to

learn aboui the moon, both in terms of scientific information and of how the moon and our

capabilitytooperale on it can be usefullyapp!ied. Thus, we have established the following

goal for the Lunar Fxplorat]on Program:

• To explore and utilize the moon for the benefit of mankind°

Possible Fut:.re Achievements

If this goal is actively pursued, the following levels of achievement could be reached by the
mid-] 980's:

• To have explored oil major regions of the moon.

• To have established a permanent lunar base.

Exploration in the context of the planned program would require manned or unmanned visits to

sites of prime scientific interest representative of geological features, or formations believed
to have resulted from meteor impact, volcanic action, or mountain building. Some of these
sites will be on the moon's Far side° In addition to local investigations, manned and/or

unmanned traverses are needed to understand the changes which are associated with the

transition from one type of major surface feature to another type. An example of this is the

contact between the relatively flat "seas" and the adjoining mountain regions. In general,

it will be necessary to examine the form and subsurface nature of examples of the "seas",
mountains, craters, and other lunar features in order to learn how they relate to each other

and the processes which caused their formation°

Values resulting From accomplishing this projected exploration will include identification

of the moon's origin, age, and history. In turn, this knowledge will extend our understanding
of the evolution of the solar system and lead to answers concerning the evolution of the earth

and man° Study of the moon's seismic activity, volcanism, faulting, and mascons will yield

information applicable to the solution of current unresolved questions in our understanding of
the earth.

The establishment of a lunar base would provide a center for continued exploration activity

and furnisi_ laboratory space For specialized science, applications, and technological research

that requires or utilizes the moon's unique envlronment or its isolation from the earth. This

would be an important milestone in the effort to utilize the moon for the benefit of mankind.
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In looking fof_,ord to man'.,po_,s;7:!,,_J!_J_, i,,_;; ," _:!_!:_:{ii_,l, tl_a!_asecould be usedto
develop man'sccpabil i!;..:.sto oiy:_,:_:.:R, _.:_nJ i i,_:._i_'% c; iime ono_other p!anet in
preparation for mannedpl_r:{.tary ,,:-.,i)!or,_i_,:n. I;_,, -vc:i!:,',:;I ii;, of ld_o_atol'y facil lties

,vould also furnish opporiunities fo_ coop_,_<:liva I _ii:_ii.a_i,-.1 by ott_ar nations°

Objectives

In order to achieve the identified goal, tl_c.:: bi::,,,:] .::biectivcs have been developed. The

first is:

I - To understand the rnoon in tr_rms of ii:, or;g::_ ,,:,d evolcjtion; to search its

surface for evidence related to the o;igin of life; a'.qd Io apply new data
on the differences arLd similclrities L'.::i,,,,,een fl_c: earth and moon to the

reasonable prediction of dynamic processes lhat shape our planet.

Reaching this objective implies a broad spectrum of lunar-wide scientific investigations. The
purpose of these investigations will be to study problems such as the moon's current external

and internal structure. Major surface features and their origin must be investigated, including

the variation of chemical composition from feature to feature. In addition, the surface and

near space environment of the moon requires study both for identification and to understand

their relationship to lunar history. There would be complementary investigations aimed at
understanding the history of the moon and its environment not only as an entity, but as a part

of the earth-moon and solar systems° A major analytical effort will be undertaken to integrate
the information collected into theories and/or conslusions related to the moon, and the earth-

moon and solar systems. As part of the anlytical effort, comparisons will be made between the
moon and earth in an attempt to better understanrJ the history and future of the earth and its
environment J

Concurrent with the above effort there will be a continuing search for organic compounds_

fossil life forms, and micro-organlsms. The results of this search, interpreted in context with

data on the history of the moon will then be tested against current theories on the mechanisms

related to the origin of llfeo

IMMEDIATE

F.r_.. _ ............i ¸ ..........!

h,.

FUTURE

FUTURE LUNAR SCIENTIFIC INVES]IGATIONS
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Thebroad scap_:,of (_cllvh-ycn:i '",,_c_',of i_'[,:,r'x!;_'........ j:_'.;_,:;iof,._:_.,i'.l_tt_e.fc.
resulted in the esrabi_",_,,_ ' , .... ",. I ..... nf of li-_e foJ !ow,_:, _u_.'r.c,:t;;lq .H..... ific ob lectiv.o.

effort have

O Investigate the major classes of lunc, r su,f,::c:e f.:'a!u, res (m':rre af_l l"f ,.;s):

surface processes (impact, vol,:alLic, c,r_J mcun1.':in.--buildlng), ant: -ional

problems (mare-hicjhla_cl relation, n_e]cr basins ,:rrj w, i leTs , voice c
provinces, major faults, and sinuous rilics). Define their form, l, ;lanai

setting and subsurface nature by l,__ndh-,gs at ',.'.ey sites ancl by exlenJed
traverses over the surface.

0 Completely characterize the sam,sles collc_cted at each site and during each

traverse by detailed analysis on earth, including rock ident;fication,

chemical composition, and age dating.

Determine the gross structure, processes, and energy budget of the lunar

interior by measuring seismic acflvity, heat flow, and disturbance in the

moon's axis of rotation with a widely spread (approximately 1000 Km. apart)
network of long-lived surface instrumentation.

Survey and measure the lunar surface from orbit about the moon with metric

and high-resolutlon photography and remote sensing, tying together local
studies and long-range traverses into a regionai framework° Provide detailed

information for science planning of surface missions, and lunar-wlde control

of surface position and profile°

Investigate the near-moon environment and the interaction of the moon with

the solar wind; map the gravitational field and any internally produced

magnetic fields; and detect atmospheric components resulting from the

neutralized solar wind and micrometeorite flux impact-effects by long-term
monitoring with lunar orbiting satellites.

Return uncontaminated samples to earth for analysis of biologically related

organics (such as prebiotic material, fossil life forms and mlcro-organisms)
and determine their origin; conduct in sltu analyses for biological material

on the moon, particularly at sites of special interest, and relate these data

to a comprehensive theory on the origin of life by comparison with the earth

and the planets.

Determine how geologic processes work on the moon in the absence of an

atmosphere, fully exposed to the solar wind and with one-sixth the force

of gravity, in order to gain a much deeper understanding of the dynamic
processes that shape our terrestrial environment°

In order to fully satisfy our aims with respect to exploration and utilization of the moon, it will

be necessary to develop new technologies and capabilities. Accordingly, the second broad
objective is:

2 - Develop the technology essential for a continued lunar program which will permit
the effective utilization of the moon°
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lhe ac';,,ii 7 ;,! ,

(!{_'voio' :.,L_:[s _:

devclob::,l f;,r ,: i, ._: ;_:, r:,:',.: .... i ,._:cme iii<_ t. P_.r:,_cmeJV s',jcli_,.

c_ surface [-,:_..r_ < r,:'. , <iv,;, .,, i:i _c. ,':,:,rr/out ;cu_:: sb_ ;w,-,e operq_,ion: _.

will be ioq,._E_c{_ !)_', ;.'.;_;"",_;.... i,:, c..:,'_,,un:o_;.<_, f, orn i'_'_,.":at s:dc of

• , • T _.... ,"_'esS_qry. Tj;e,,.-_, rr,_si _',e c_ rec!tJ..

raoon tl'C/r'lf, L.,or{( ? :,. ,L' ,' . .-_. . ....., ...s {._! I.'{ t (;L!irp[}_(2i-t; ]0 l!l[C'l_',l] "7ca osfronc, u:

" ..... (!7,- .... _,._ ,, . . .i a number o,r" important-_; .... ...:: ._icc! !,...,. ,. ill _:,+-. . ..............

::_ ; " ' p:;ssl[:,ic ' ,.'.r_paBilitles and systems

-ilh which io establish

,.:xtended d istances

,on and from point-

in lhe cost of earth-

_:.ards must he developed.

A reduc;;o_, rn_,,.: ':,.:' ..".... :: i_ ,,I.... '..i:...... r,dence oi_ ea<t; providcd con:vme[_les for life suppoit

and po',','c:r. If ii t_rc,._, ,-._. c:,,'_:,:_ : _,/._; :ne nc,{ural reso_,ces o_ li_e environment of ihe moon

are worlh e:4pJo;: !::.?; _. " "-_i: .........il _,;, to do this r_us_ k,:: aevelopedo In a like manner, if the

U S O Of t [} _' _'"C_C'_: i ,'j } S ctl : ' ! ' _:]_:'; <''" ': X''' a,h_._-.,ctc , or con'municatior, s station ,s found to be
! . • _ i , ! p ,

worthwr,_lu, ll_c: ..:,; _,:'. '...: ;c.c,,_..;_c2_cs rnt:.st l)c developed° Also, the meanner in which the
, r . • ..moon c(m [;e us, t <,,r._...::ri..,<,), as _: sib:: to d,.L,velop procedbres op.d demonstrate systems for use

in manned plar_.:-"::_r 7 e::;_! ,',otio_ :.ho'J!d be determined and its use for this purpose developed,

Through finis tyF.c, of ei{_..,r;., man v.,.;][ be provided with the capability to conduct lunar
' --r (]operations more u_!ci,.:. I;, ,,.,. i<, bcr_efit from the results of his discoveries.
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CONCEPT OF AN EARLY LUNAR SURFACE BASE

The activity needed to achieve this objective is essentially technological in nature.

the following supporting specific objectives have been established:

Provide the capabillfy to conduct long-range operations across the lunar

surface with reliable surface vehicles and equipment during both day and

night opeiatlonso

Thus,
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Develop t t_e equipment _,_d sui;p:_:i ine s},s:'::ms suci: , ,, d _el ier._, pc;w..:_',
communication, a,_a d_i__ processor ',_, r,;:qui'.'_.d to c:lc_[_i ;::n a surface ._'-_

and to support lunar operations.

• Provide for long-term it_dependence from ,;c_rth cortsumables by relk_ce
on lunar resources and closed ecoic_,ical sy:terns.

• Minimize problems and risks of long-term su_vival including provisions

for reliable rescue or escape.

• Utilize technology advances to reduce the cost of earth-moon transportation.

• Where beneficial, provide the ability to implement manufacturing processes
on the moon.

• Exploit the advantages of the moon's vantage point by providing suitable

installations for supporting earth applications and planetary missions.

• Utilize the moon for developing procedures and testing systems that will

be used for manned planetary exploration.

The final broad objective emphasizes the importance of a lunar base. Inasense it parallels

man's efforts to expand his domain here on earth by establishing permanent and semi-permanent
bases in the Antarctic where long-term scientific investigations have been taking place° Just

as it was necessary to make those bases semi-independent, it is evident that an even greater

degree of independence will be needed for similar establishments on the moon. In this context

the third broad objective is:

3 - To extend man's domain to include the moon°

In order to reach this objective, it will first be necessary to determine whether there are lunar
materials which can be used to reduce man's dependence on earth to an acceptable level.

If such materials are identified in sufficient concentration at an acceptable site, it

will be necessary to develop methods by which they can be utilized. Techniques for extracting
basic elements such as oxygen and hydrogen, from the lunar raw materials will be required.

Methods and equipment for gathering or mining the raw materials must be devised. The problem
of how materials for construction can be obtained and used must be solved.

Extending man's domain also requires that man be able to reside and work on the moon for

extended periods of time in the envh'onment created for him. It also entails the conduct of

activity that is useful to man.

With these requirements in mind_ the following supporting specific objectives have been
identified:

Investigate and locate lunar resources_ establish their utility for life

support, power, propellants, and construction; and determine their
value for use on earth.
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Conduct significant Ic:n_-te,n-,.. scientific ,..r,.i _:f.-,i*_:,,_-,rin:t.,,. . or_,,.'ralio:ls,

leading to tt_e use ofihe moon asa pl:_iF:_rn, in space, inc:IL_ing
astronomical and biologlcai _xperin_ei_!::. espc:cialiy suited _o ;he
lunar environment.

Determine whether mar; can l lye for extc_d.:.d p:_:riods on ihe moon c_nd

function as a p]anelal_ explorer and space ei_girt,::c_.r°
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LUNAR BASE CONCEPT FOR LONG-TERM SCIENTIFIC AND ENGINEERING OPERATIONS

!
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. i t, i_ _._:._fi:_ !_.

The SpaceMedicin_ Fi,:.,_ ,n is d.::::_n_:.cJ to d_f,;rmim: r,lan's capabilities and limitations in

the space enviror;_,_ i,: .:_',.i :., dc,....:[,,r- ,he teci,ncFeqy !'_rfinent to support, protective, and

ot[ier systems which v.,ili : :i:;f l-_i_,,!o ['uqcficn and F:.,:r{o.r_nef[ectlve!y. This program has
I I _ t.... I

been pursued thro_%i_ _r: • .,.,_,s. : c:_...,.ifii,:jht rerecnct_ programs on man, animals, and other

bl,_,loglcal syslum_.; :,iu,d_,: : r:' ,,_,.ql_,:_.:.:,n, operator .and (or,t_oller; and research and development

programs related t:, life :u:horf , [,!c;e.cfive c._ndother syslems required to support man. Major
prograrn emphasis h.qs be,:,: _',;!ecfcd io the d_,w'lo!_rr'ent of infonnaflon which could be frans-

laied into design clu_a o',:d cri;-.:,k._ .or future rr_c._nnedspace sysiems.

With the flight of Apollo 12, 26 mc_ have portleipaled in 22 United States manned space
flights and have gained e::;:.rc.',:im.:_i_:!y 7,400 man hours of experience in space operations.

As a result of these fliqhl:;, we knew lhat highly trained men can withstand the rigors of
functioning in a weighilc,:s slate for _:s long as two weeks.

However, this flight expcrlc:nce coupled with its limited ground-based supporting research
does not adequately esiab!_sh the scientific basic required to qualify man and his supporting

equipment for future extendudduralionspacemissions. Indeed, the nature of man's proper

role in future extenJed dura!_on space flighl is dependent upon critical information yet to
be obtained. This inforn_atlon must be based on a sound foundation of biomedical and

engineering data to provide a background for meaningful design and development decisions
for the next generation oF rr_anned spacecraft systems.

This technology base can only be achieved if multi-disciplinary environmental medical

laboratories and universities develop closer ties with supporting industry. The development
of Project Skylab bio:nedical flight experiments and the ensuing results from these

experiments, will provide a focus for the participation of medical laboratories in the

increased ground program and a better definition of problems and their priorities for prolonged
weightless space flight.

Goal

In context with the current status and the future needs of this program, the goal established
for the Space Medicine Program is:

To develop an understanding of man and his supporting equipment which
will allow the establishment of design criteria for optimal use of man in
space operations°

Possible Future Capabilities

A continuing and comprehensive ground-based and flight research Space Medicine Program

could, in the next ten to fifleen years, place the Nation in a position to utilize the unique
capabilities of man for extended space operations in earth orbit, on the lunar surface, and
to nearby planets.
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MAJOR IX PERIME I",ITS

EXTRAVEHICULAR AC FtVITY

SPACE SUITS

ARTIFICIAL G

LIFE SUPPORT

HUMAN RESEARCH

ANIMAL RESEARCH

i

SPACE MEDICINE RESE.ARCH IN EARTH ORBIT WILL DEIERMINE MAN'S PHYSICAL CAPABILITIES AND REACTIONS

The accomplishments made as we progress toward attainment of our goal will yield new and

incr_ased capabilities for the Nation. These capabilities, which we could realize in the next
ten to fifteen years, are described in the following paragraphs for the biomedical, man-systems

integration, and life support areas of the Space Medicine Program:

Biomedical - Identified, as well as anticipated space-related problems of"
the various body systems should have been solved or at least well enough

understood to be reasonably controlled. For example, basic problems of the
cardiovascular system, such as reduction of blood volume, redistribution of

body fluids, reduction of red blood cell mass, will have been resolved

along with questions associated with respiratory, gas requirements and

physiological mechanisms. Calcium depletion associated with weightless
flight will be better understood and controllable. Permissible levels of

radiation exposure will be known. Through the delineation of pertinent

physiological parameters and their measurement by innovative and non-
invasive bioinstrumentation, prediction of physiological status and control
of stress will be possible.

Man-Systems Integration - Man will be able to perform useful work

efficiently and'live comfortably in space. It will be possible to select the

best qualified men and train them for particular missions in space. Small

group dynamic characteristics and related habitability requirements will be

known. Maintenance tools, techniques, and equipment will be available

For functions inside and outside spacecraft and other space facilities.
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L.ifr., S_p;oit _::_d Pr_fc, cfl;,_ " ', " "'• :,v;,:..m_ It should] be tc_"'_._ io "iov]de
near];, lota]l', _:]oscd ucoJogical syster:::, for long durali_,_; :F:acc missions

thro Js;h th.e ro(,cneration of wasl_; rna_c:';als int_:_ useful products. Efficient

regeneratior, and reclar._ation processes will pro':,k!e potable waler and life-
sustaTning ox},gnn free of carbon-dioxic_e and olhar con!aminanis, and could

prov'ae rnateri(_l._ useful For Foodstuffs. Space suits and I:'orlable life support
syslems will bc _:vailable as infe.gral units wifl_out undue reslrlctlotJ to work

or comfort. Withln two decades regeneration of some food from metabolic

wastes by physico-chemical rneans should be po_sible, and progress will have
been made in the area of b_oregenerativa systems.

There arc a number of benefits that will accrue to the Nation through the achievement of the

sapabilities just discussed° However, it should be realized that the Full value of this activity
cannot be envisloneda| this time. Nevertheless, there are a number of" benefltsthat can be

foreseen at this time in space medicine, in general medicine, and public health.

Among these benefits will be the expansion of multidlsciplinary systems analysis techniques

required for a fuller understanding of man and his unique appllcatlon in space activity whlch
will be of direct value to man on earth in medical research and practice. Associated new

biological sensor and biolnstrumentatlon techniques For multiple simultaneous measurementsr
and For measurements of small changes over long periods of time, will allow substantial

increases in our general understanding of biological systems, especially man, and will provide

new methods of diagnosis, prediction, and management of major dysfunctions of man. For

example: in the study of oxygen toxicity the demonstrated pulmonary pathology is similar to

that of emphysema, leading to the belief that this research may provide a laboratory model to
study emphysema. Similarly, advanced bioelectrical techniques have led tea fuller under-

standing of man's balance mechanism, the vestibular system. New space monitoring and

experimental techniques will help bring the practice of medicine-at-a-dlstance into reality for

such applications as intensive care units, disaster-team operations, and medical care for remote

areas that do not have the services of physicians. The derivation of simple methods For moni-
toring and predicting the future status of man's health, vital to space medicine, also is of vital

interest in the general practice of medicine.

The optimum utilization of man in advanced space systems will be understood so that he can be

assigned hls proper role as an operator, a scientific investigator, a mechanic, and as a vital
decision maker. This knowledge will be of benefit on earth with regard to the use of man for

complex man/machine Functions such as manufacturing, data processing and process control.

Small-group dynamics studies, associated with the long confinement of extended space flight,

may well enhance our understanding of social problems on earth.

Advanced selection techniques and tralning methods for flight and operational crews will be

applicable in both the public and private sectors of our society, particularly where high-risk
operations are involved.

New regenerative methods For purifying the atmosphere and water in space vehicles will be

applicable to the solution of pollution problems here on earth. For example, collaborative
efforts are already underway with the Office of Saline Water and the Federal Water Pollution
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Control Admln_stl_:_tlon."[!_._s!ecl_nole::iy:,hoLId n_ake possible 1'he develui_ment of _ndlvidu'JI

home waste handling ar, d w_ter regener._tion un_!s that cuuld e.lim_nate the bulk of _he domestic

source of polluiion to our wate:'ways.

In the area of space foods, phys;co-ch_:m_cal d_:r]vation of food from human waste could provide

an additional means locombat food sho_Ieges ]n tl_e worl_l. Protective equipment technology,

for space, will be applicable to indusirial problems. For example, this technology can t_e
utilized in the d___signof smokernask equip_nent for industr]ul use and for fir.::rnen, and in the

design of llfe support and protective systems for other hazardous environments such asm_rMe

exploration.

Objectives

The ability to achieve IF.e capabilities described earlier and to realize the associated benefits
depend upon the extension of ground-based and space flight research. Expanded research

activities in both of these environments requires fl_e development of innovative instrumen-

tation and data analysis techniques. In addition, significant advances in man's support,

protection, and operational equipment are also needed to allow man to be utilized effectively.
These needs have led to the development of the broad objectives for the Space Medicine

Program, relatin_ to biomedicine, man-systems integration, and life support and protective
systems.

In the area of biomedicine the broad objective has been identified as follows:

1 - To determine the adaptiveness and tolerances of man to space operations,

including a basic understanding of the fundamental mechanisms involved; to
_' define the optimum physlologlcal parameters for man; to assess his potential

to function effectively in nonterrestrial environments; and to assure the

functional integrity of man through the provision of appropriate protective

and/or therapeutic measures.

This implies the need for _n-depth studies on man himself and on other biological

specimens, as may be required on the ground and particularly in space flight. Of special

interest is the exposure of man to the space operational environment representative of future

earth orbital, lunar, and planetary space exploration missions. Questions such as man's

tolerance to atmospheres, gravity fields, and operational environments different from earth,
have to be resolved.

The following specific objectives have been developed for this aspect of the program:

Develop methods for assessing cardiovascular and musculoskeletal
adaptation to acceleration, weightlessness and artificial subgravity
states.

• Determine the qualitative and quantitative alte_tlons evoked by space

flight relative to hematologic, immunologic and biochemical palameters.

• Determine the implications of, and requirements for, various gravity levels
for extended duration space flights and operations.
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e [)eternline spac,_crc'rl atrnosph_re requiremenls for various q.-,cce missions,

O

o

Dete, minc_ the efrccls of space flight on the respiratory ph/s;o!oglcal

parameters, including dysbarism, mainfunance of crew physical condillon-

ing, and the r'ssessment of the metabolic cost of physical act_x,i'.y of null

and subgravity bevels.

Investig:_!e and e,,,_luate the effects of space flight on neurophysiological

function including equilibrium, coordination, sleep, alertness, biorhythms,

visual, and other special sense functions.

DeFine the effect of space flight stresses on response of the endocrine

system and develop the capabilities to use the endocrine system for

measuring degrees of stress.

Determine, detect, and control potential microbiological problems of man

in closed or semi-closed ecological systems in spacecraft.

Determine the space radiation effects and assess the hazard of space

operations.

Develop instrumentation of progressively increasing sophistication to

permit required measurement of the various body systems and to provide a

data management system.

Define and develop prediction, diagnostic, and therapeutic procedures,

medication, and equipment to maintain the health and well-being of the

crew,

Determine the best use of pharmacology as a means to maintain the mental

and physical integrity of man in the space environment°

j
EXPERIMENTAL SPACE SUIT FOR INVESTIGATION OF ADVANCED CONCEPTS
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In add;tion to it_is infor_T _'r - _.,_,. ,_:l_n c_u i_:,ch.':_:io_iy,. ',d_cll wilt <ic_"ine lhe l_,l_l.,,_..r, of n,._n in space,

a corollary req_Jlrcment is io dc_i,l,:_, n-la!_'._,capai>i!:fics. Thi:s )cads to the fol!c, wing brcx_d
objective in the area oF t.,/_c_n-c _.:),st,;n._ Ini,-_ilatiot_:

2 - To determine the uptirnuBn uses o_ ,:r,n's cot..qbilitlcs in space nqsslo_ts

including tI_e d_v'u.lopn_.r;r_i of the ic..:l_ liqu_:s, technology, and equipment
; i

required ror man to perform ind_',-_.,no_0nlJy, or in cc,_peration with ground

person_cl, as a dudsion .m_i_:er, a systems n_anc,ger, an operator, and a

scientific investigator.

!
/i

%,

NEUTRAL BOUYANCY TESTS ON UIILIZ_ATION OF MAN FOR ERECTION OF SI'RUCTURES IN SPACE
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Achievement of this objective will require ground-based and fllght activity to develop concepts
and supporting equipment relative to the capabilities and limitations of man in operational space

systems° Development of these concepts and systems will be of particular importance for
extended duration missions and missions that do not lend themselves to close support from earth.

Of concern could be such items as tools for maintenance and repair, on-board data analysis,

and resolution of man's capabilities and limitations related to the performance of useful work.

Activity in support of this broad objective would address the following specific obiectives:

Determine man's capabilities for performing physical and mental work as

an operator and maintainer ot: space systems and equipment and as a

scientific inves_icutor, and to provide data for decisions on "._e appro-

priate mix of ma:_ r_d machine.

• Develop methods
of skills, and trai

:rew selection, proficiency assessmen! ._intenance



[......,._, _:,:.n'..:_,_,i_:ividuc'-I _.,,{:_,__{o:"cl_,oracl_;ri'_fics{:rid .qroupdynamics

1 IDcvcl,:, F, c, ._rctor ccluipment and tec,_nu_ogy for crew and cargo transfer,

oss_.mb,)._ on,,; mc_i:_lenance inle_nal and exteJnal to the space vehicle and

for oper.:_iion on extraterres/rio] bodies.

e Dc_velop ',__' technc:logy for l',ab_tak, le tivir,_ areas in space vehicles and
on CxIiaJurr,: 51iiol ,cs.;l races,

In order far m:_n ic operate effectively in space, systems must be developed to maintain him in
an environment tl_c:, p_omolcs his op.eroting effectiveness. This requirement leads to the follow-

ing broad obicclive in tlle area of Lif_ Support and Protective Systems:

3 - To davelop the technology for highly reliable systems that will support

and protect n_ar, and enhance his capability to perform space flight
operotions and to perform on extraterrestrial surfaces.

This broad objectiv_ _.implies the development oF major life support and protective systems such

as atmospheric controls; water and waste management; food storage, generation, and preparation;

space suits; and mobility equiprnent. Here again an aggressive ground-based program is indi-

cated backed up by fllght activity on critical long-lead items. Specific supporting objectives
are:

F
t

,;
I

_J ....

• H,: r II

!
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1
t

EXPERIMENT ON OXYGEN AND WATER REGENERATION FOR

LONG DURATION LIFE SUPPORT SY.SIEM
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O

De_,e!op tcci_l,icall 7 and es;l_,: lical] y salisfa,_cr 7 tucl,niques and hard,,^,,are_

for pravidin o personal acco:nm_,c!aiions in the ar_.'r._sc,r food m_n___gement,

personal hygiane, and waste manng,_mer_t; d_;v:;Icp lec!;r.;qucs and hardware

for the reclamation and sferili-:at]on of potal,!c wa1_r from waste waters
such as urine, wash water, and I_umidity cor_dcnsato; and develop the

technology to convert n_.etabolic wastes into food.

Develop techniques and har,Jware for sioring, dispensing, and conserving

oxygen and diluent gases and for regenerating oxygen and diiuents (e.g.,

nitrogen) forextendcd mission duralions. Inc, ddition, develop techniques

and hardware for contro!ling the carbon dioxide, humidify, and contami-
nant characteristics of the cabin atmosphere.

Develop thermal control techniques for environmental thermal control/life

support system (ETC/LS). Specifically, this includes the techniques for:

(1) Providing thermal energy used in reclamation processes and, (2) removing

and rejecting waste heat from the atmosphere, the ETC/LS subsystems, and
the electronic and experimental equipment.

Develop the instrumentation for monitorlng and controlling the atmosphere
composition, thermal environment, chemical and microbial contaminant

levels, and system functions to ensure a safe, comfortable, and efficiently
operated habitable spacecraft.

Define the technical and practical problems of, and provide solution

options for, combining individual processes and hardware elements into an

efficient, integrated ETC/LS systems lhat would satisfy the requirements of
various classes of missions.

• Develop the garments , portable ETC/LS systems, and other aids for enabling

the astronauts to perform the necessary intravehicular activity tasks.
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PI^":IEJ ' RY "  PLO TII,,, rl l_i_

Thraugh_.u! history, men have o.l:_served the F,lanet._ from the earth. _lszd on these observafions_
many cl;c_:cicterisiics of each planet a_KJ the interrelationshlps of the plan_;'s were either measured

:_rder_vcd. Hcwever, the inadequacy of the data led _oconilictingthe, s. With Hie advent

:_f the sl:_ace prc.;_-irc:ql, man now has Ihe capobi_ity to obtain detailed mr .rements which will

:est old theories, lead to new theories, and will answer century old questions about the planets.
_Dbs_rvations wifl_ spacecraft have already been made of the nearest planets, Venus and Mars.

&lso ground observations of all of the planets have been improved by new lechnlques and
facll ilics o

the flighl program to investigate Venus has consisted of one flyby mlss[on in 1962 and a second
)ne in 1967. The observations made during these missions indlcate that Venus hasa surface

emperai_ure over 600 degrees Kelvin and an atmospheric pressure as high as 100 earth atmospheres.

!he composition of the atmosphere is predominantly carbon dioxide with minor amounts of oxygen,

_ater, and nitrogen. An absence of a strong magnetic field about the planet suggests that the
:ore of Venus is considerably different from the core of the earth.

n 1965, during a flyby mission to the planet Mars, the first close-up photographs of another

flanef's surface were transmitted to the earth. The photographs revealed the presence of

:raters ranging upto 150 miles in diameter. From the telemetry signal as the spacecraft
_assed behind the planet the atmospheric pressure was determined to be about one percent

,f that on earth, considerably lower than had been surmised. The two Mars flyby missions

n 1969 provided higher resolution photographs, atmospheric pressure measurements with

mproved accuracy,, measurements of the atmospheric composition, and surface temperature.
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SOUTH POLAR CAP OF MARS
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The calrent l_:o_'jram::!_Jcc.,.u],i:]i, _._ :/ on _._.,_s c" ::_!, :._iion. [lbere are plans for tv_,o Mars
Orbiters in 1o71 a_i_: _v,,o h,/,,._ir:! fir'c[,_i "(..:ii_]i_ I r!_i_.si_l_S iil I?;75 with the Viking spacecraft.

The 1971 Ma_s C)l',:>i!_.,_swill l_:: our fir. i sou,: .... 'c,,_f to cl',:i_ anolher planet and will obiain

visual and ir,frared m.::pplng or lJ_c• su_; _:o. l'i,o i975 M:_rs Lander will provide our first

opportunity todisco\,_.:, llfe, ::_uJ._t _::_y ,._,.i:<:, _..",!i_a [si_:_netMars° In addit ion, the l.ander

will be able to obtai_ in situ _,_casuru._._ns _ f _;,c atmosi;l_ere and surface environment.

Whil{. the current pro_;r,._ri sfi_._.scs M: ; if _..i:o i_clud,::.s rn;ssions fo three olher planets. In

1973 a spac,.'craft will be la_.,n_:l_od _:_ '_;7 by x..::r:,,s, taken o the first television pictures of that

planet, and _h_n prc, cc.ed on to: M_'_rc..'O' io !<.::. pictur_,s of the surface and to measure that

planet's basic cJ_aracteristicso ApaiI o'.'ss¢_cciaft _t'a also being developed for launch io

Jupiter in 1972 and 1973. Th,:se spa,:_cr,_f: will make important measurements in the AsteroTd
Belt in addition to transmittin::l imag,:..:,, cnvir_r_r_entc_l dala, and atmospheric properties from

Jupiter. A new spacecraft is being _:!_.:_igneJ to:-a 1974 launch to probe within 0.3AU of the

sun° This is a joint project wil-h Wesi Getmany in which that country will design and develop

the spacecraft.

Goal

Correlation of the results from the above missions with results obtained from interplanetary

spacecraft_ ground telescopes, and e_rth-orbitlng observatories will provide the first step

toward the goal of Planetary Exploration, which is:

To understand the origin and evolution of the solar system, the origin

and evolution of llfe, and the dynamic processes that shape man_s
terrestrial environment.

Possible Future Achievements

It is technically feasible For the Nation to achieve by the mid-1980's the following positions

through aggressive pursuit of the above goal:

• Visit and photograph all known planets.

• Answer the question, "Is there life elsewhere in our solar system?"

• Develop a broader understanding of the earth and life on earth through

comparative studies with the other planets.

By its very nature, planetary exploration provides an outlet for man's inherent desires to
explore the unknown and to achieve. In addition to satisfying the desires of the explorers

themselves, planetary exploration can inspire all mankind as the program progresses from

planet to planet. The expanse of the solar system will be viewed in detail when the photo-
graphs and other data are returned 'to earth from the surface of Mars and from the vicinity of

the other planets of our solar system° Further, the discovery of life elsewhere in the solar

system or a full explanation for why life exists only on earth, has been described as potentially

the most significant scientific advancement in lhis century.
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Ti:is gener:afion hos a g_:,:it _:i,;_._,!,. ,, i', f_: !._ :.T _;i[:xq_i- o-._',ii!_utic,:-_ !o the _C[Cllfific

understan_tir_ 9 of ll_, solar :./s!,_,_ i_;,.,r_[_,i_ _. live:. (h_v c';<ci:ii_g pro_!_:ct of using such

knowledge is the iJ:ll_ove_:._i of,:'::; _,_,cl,.q: _i;.i_r :_, _ f ti,__.ca, rill and liio, on earth, ils past
and future, and the reJatio:: [_[p o,_ ,_:i!_ ':.:, ii:. ,__r_i_.:.:_::_nt. C_mparative studies between

the planet earth and the oii_er ['lQit [ ; ; :.'_y [,_:jp u:: t;_ ,._derslar_d ond conlrol our atmosr_here

and to more accurately pro ii_; c,c_i':' .:I.. os ol_[y l,,vc ¢xc:mi_l:ss. Abetter understanding
of life and its origin may i_..:ve un',_ ! .I t.._.,_.;_if_ to ii_'. vn ,'_arti_.

in the past century, the econc4ny or !!,, U:_'._'_ St: i: s l,._s become strong and increased its

s,_andard of living by being on ihe ,_o_:._i're:,; ,:,f iec!:_eicC, y. t-listo,_, has clearly shown that

the advancement of lechno!::,;_!y req_[io.s ¢i :_%_; Of fl:.rc;ng Fur_ci ion. Because of its advanced

nature, planetary explorali,on is an id.,_a! ,.:i_:u_lant fo iorcing aclvances in technology. The

use of man himself in such missions v.,i[I pro',,idu a dil_ct focus for technology advances in
biomedicine, Iong-llfe relid;le equipment, _::d nut!ear propulsion, to mention only a few.

Further, sending man to expioie beyo_,d _l:_: m.:on, First to the planet Mars, will remove the

concept that man is restricted in his capc,bilifies to Ferform personal exploration deep into

space, and will open his thh|king to the po:.x:ibility oF manned exploration of the complete
solar system.

4_

THE SOLAR SYSTEM
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To achieve the gor_l of Plane-tar 7 ExpJr, rr;,t,c,:,, dc, f;_ rn_;st l.c ga.fnered so that man can understand

the origin and evolution of earth anJ, f;:c. s:l!u:r :7._!c'W to provide a heifer understanding of the

processes which are continuing to affe." t !J_c uorth anrJ ;Is envhonn;ent; and to determine the

origin andevolution of life. The pursuit of :!,is kno_z,,!eHge has been categorized into five

broad objectives , the first of which is:

I - Determine the environment, atmospheric p,<_pe .... s, surface characteristics,

and body properties for each planet; determine, the sun-planet relationships

and dynamic processes for the various planets.

This obiective implies making detailed scientific investigations of all the planets in our solar

system. Each planet must be investigated as each has itsown particular characteristics, such
as the seasonal v,_ve of darkening of Mars, the Red Spot of Jupiter, the rings of Saturn, the

clouds of Venus, the tilted spin-axis of Uranus, the unusual moons of Neptune, and the

exceptional orbit of Pluto. The investigations will be designed to developdafa on the current

external and internal structure; major surf/ace Features and their origin; chemical composition

and variations as related to major surface features; the atmosphere, if any; the seasonal and
diurnal variations; and the near space environment° in addition to the examination of the

planets themselves, specific investigations will be conducted on the satellites of the planets,

which have their own unique characteristics.

In the section that follows, the unique characteristics of each planet and other interplanetary

bodies are described, following which the specific objectives related to that planet or body
are indicated.
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tiArA 5L _ 9-15_J-2

EXPLORATION OF MARS BY AN ORBITER AND A LANDER WORKING AS A TEAM

Mars

Mars has an atmosphere which has probably evolved quite differently from that

o_ the earth, thus knowledge o_ its dynamic properties will be useful in fully
understanding our own atmosphere. Mars has I_tfle or no magnetic field. As

a consequence, the interplanetary medium reacts much more intimately with

the planet than is the case for earth°

O Identify the maior characteristics of the atmosphere, including
the molecular and isotopic • content (the latter is important to

determine the origin of the atmosphere); the atmospheric

circulation and its driving forces; the composition and generation

o_ the different types of clouds; the interaction o_ the atmosphere
_,ith the polar caps; and the diurnal and seasonal variations of the

atmospheric properties.

• Determine the mechanism of the seasonal wave of darkening.

Define the topography and surface mineralogical composition,

identify the major subsurface geological units_ and define the

erosion and weathering mechanisms.

Determine the internal characteristics, the primary elements of

which are mass distribution, the presence and extent of a core,

and internal activity.

Define the solar/galactic flux interactions with the planet, the

primary features of which are the principal ionized and nonionized
species, the reaction kinetics and the dynamic properties of the

ionosphere_ and the solar plasma/atmosphere interaction.
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Venus

SPACECRAFTFORVENUS-MERCURY FLYBY

Venus is nearly a twin to the earth in size but has a far more dense atmosphere
and an unusual rate of rotation, which is apparently related to the orbiting

of the earth around the sun. No magnetic field has been detected, so the
solar wind can presumably interact directly with the atmosphere.

. Determine the characteristics of the atmosphere, including:

- Composition, both molecular and isotopic.

- Distribution and chemical composition of the clouds.

- Sources of opacity.

- Vertical temperature and pressure profiles.

- General circulation pattern.

. Define the various heat sources, both atmospheric and surface,

and identify the surface heating mechanism.

• Define the topography and composition of the surface, and the

interaction between the atmosphere and surface.

• Define the internal mass distribution and gross figure of the planet,

identify the magnitude of the magnetic field, and determine the

extent and nature of internal activity.

• Define the solar wind interaction with the atmosphere.



Mercury

Mercury is inieresting because of its cl,r'SCnC_S to the sun, iis ur.usual spin/orbit
coupling of three revolutions for eve_ 7 two orbhs a_: tl_e sun, and _ts relafiveJy

high dens;ty. With J_ftle or no atmosphere, tF,e eff_.ct of sol¢_r radiation on

the planet Js probc:bly maxlmi_,cd.

• Define the composition, topo_-.,raphy, geological structure,
and temperature variation of _he surface°

• Identify the body characteristics, mass distribution, and
internal structure.

• Define the solar wind interaction with the planet, and

determine the presence and magnitude of a magnetic field.

• Determine the presence of an atmosphere or ionosphere; their
composition and the mechanisms maintaining them.

Jupiter

Jupiter, the nearest of the major planets and the largest of all planets, has a
low density and may be comprised of the basic materials from which the solar

system bodies were first formed° It appears to radiate more total energy than

it receives from the sun. The coloration of the atmospheric belts and of the

famous Red Spot is suggestive of complex organic molecules. Jupiter has an
intense magnetic field and emits strong RF radiation.

• Determine the energy balance.

• Define the fields and RF radiation sources°

• Define the solar/galactic flux interactions with the planet.

• Determine whether the interior of the planet is liquid or
solid, and the origin of the magnetic field.

Determine the composition and physical state (gas, liquid, sol id)

of the atmosphere and its aerosols, the hydrogen to helium ratio,
and the isotopic distribution.

• Define the dynamical processes acting in the atmosphere.

Determine the dynamics and composition of the Red Spot, with
emphasis on any complex organic molecules; determine its
mechanlsm of formation.

• Determine the nature of the satellites, their atmospheres,

surfaces, and interiors.
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GRAND TOUR SPACECRAFT FOR OUTER PLANET EXPLORATION

v

i

Saturn

Saturn is a huge planet, second only in size to Jupiter. It _s the only planet

known to possess rings. If is also the only planet dTfin_tely known to have a

satellite with an atmosphere (Titan_.

• Determine the composition and structure of the atmosphere.

• Determine the internal mass distribution; identify any magnetic
field and determine its magnitude_

• Define the interactTon of the solar wind and galactic radiation

with the planet; determine the nature of any radiation belts.

Determine the characteristics of the rings. The primary elements

of interest include: mass distribution, particle size distribution,

composition, and the basis of the uniqueness of the rings to only
one planet in our solar system

Uranus and Neptune

Uranus and Neptune, like Jupiter and Saturn, are characterized by their

large masses and small mean densities. Uranus is unusual in that its

rotational axis is almost in the plane of the ecliptic. Neptune hasa large

satellite, Triton, with a retrograde orbit and possibly with an atmosphere.

• Determine the composition and structure of the atmosphere.

• Determine the internal mass dlstribufion_ identTfy any magnetic
field and determine its magnitude°
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• Define the interacfien a,_ tI_e s,,t_. ',uT*,! :__)J:_gai_-_r'!ic radk_iien
with the planets; deterrnl;_o lhe r,_._l,._rcol _r:.,, radk,i ion belts.

Pluto

Pluto is the farthest planet from the sun arid ilk,c: Lr,:.,f rec___ntl/detected.
Because of its great distance from carth r_,_,-k,,::_..!,:_lqe of its properties

is slight. Present data indicate iis size is r.4:,o_.: II_,._t of Mercury, while

its density is about 50 percent higher lh_:_; e;il,_:! M_._rcury or earth.

• Determine the composition and sJt_UClL,rr: of the r_tmosphere.

• Determine the internal mass distribution; identify any magnetic
field and determine its magnitude_

• Define the interaction of lhe solar wind and galactic radiation

with the planet; determine the nalure of any radiation belts.

• Determine the size and average density.

Comets

Comets are radically different from other solar system objects in their unique
physical makeup, usually consisting of a small bright nucleus_ a diffuse "coma"

surrounding the nucleus, and, when near the sun, a tail extending millions of
miles generally in the anti-solar direction from the head of the comet. Orbits

of comets are usually highly eccentric, which often carry comets far outside

the bounds of the solar system. Observations of comets may give clues as to

conditions existing at extreme distances from the sun, which in turn would aid

in unraveling the origin and nature of the solar system.

• Study the composition and physical state (gas, solid) of typical
comets,

• Study the interaction between the solar wind and comets.

• Study cometary dynamics--release of gases and particles
from the nucleus and their escape.

Asteroids

Asteroids are fragments of material which exist largely in a belt between Mars
and Jupiter. They may be the result of the collisions and breakup of planets,

or they may be the debris that was left over when the terrestrial planets formed.

• Define the three-dimensional distribution of matter in the asteroid belt.

• Determine the surface features and composition, densities, and rotation

periods of typical asteroids.
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O Def._rrnine age. pre,,ious c_nd;i_[c:,r_(v,,b,c,i_,_r exposed to extremely
h[gh p_essuras ol n:_;), oil,.] o_l_.,_rFiopurlies thai will shed light on

whefl_er the c_steroids are r:._rr:c_insor a pJanet the4 broke up or are

mater;el of the sort thai accc.mulates to form a planet°

The understanding of the planetary properties from fl,e pursuit of _'.he above objectives will

describe envlronme_,tal conditions that cou!_ indivecily indicate the probability of current

or prior life forms. A more specific inw:s,_iga_ion of ihe in,higuing possibility of flnd;ng llfe

existing on another planet of our solar system Jer_ds to the neyt broad objective:

2 - Determine whether I;fc exists elsewhere in the solar system, whether it might

have existed and no longer does, whether or no_ conditions are suitable for the

development of llfe, and if not, why they are not. if llfe forms are found,
categorize and compare them with life on earth.

This objective requires a continuing search for organisms in living and/or fossil forms. The

search will be conducted primarily on the planet Mars while the data from the other planets

will be studied to determine whether the environment may now or could have ever supported
life. In addition to direct life detection, investigations on Mars will include observations

of surface environment, surface material analysis, and studies of the atmospheric characteristics

for an indication as to whether it would be possible for the planet to support llfe. If no evidence

of life is found, it will be important to gather data to obtain a full explanation of why _iFe

exists only on earth° The results of the analyses of these data, in context with information
on the history of the planet, will then be tested against current theories on the mechanisms

related to the evolution and origin of life.

All data from each of the specific objectives listed above under the first broad objective must
be studied by biologists since the data could indicate the possibility of life forms being present.

In additlon_ for the planet Mars the following specific objectives apply:

• Search for and characterize living and/or fossil organisms.

Determine the presence and characteristics of organic matter,
and whether it is biogenlc or abiogenic. If no life is detected,

ascertain whether prebiotic, chemical evolution is occurring.

Identify major characteristics of the surface environment, in

particular the moisture distribution and thermal anomalies, and
the variations of these properties with latitude, longitude, and

season to permit the selection of sites at which life would be

most likely to exist on the planet,

• Search for ;nor atmospheric constituents of possible metabolic
origin.

• If no life

the reasor,
,, either living or extinct, are detected, ascertain

y_
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Observations mall,.: du_]_,: t!:e _::i_<,_'_!c,_ or the pl_t:elswill e alnled at obtaining data that

provide specific elcme_'._ ::,f iMo_n::4i,, n or ,isnswers ;o ._pec!fic questions° However, the

"_ "il also prove vc![ua:,::[e for n_:_!<h_gcorrelative or comparativeunique ossembla..-_e of s_'c!_ _..._,aw,

analyses of the various ,: !,i_;cf', in t!le s,_I':r .-:ysfem. it is thus important fo also use the data

for these purposes., This r.:: u..i _o cc_piiall.'c- fully cn ',heda4.a obtained during exploration of
the planets and oth_:r l:,o..ii_:s in i!-_, solar s/.dem leads to the foilowin3 broad objective:

3 - Make compariso:r: of Ihe pk;,sicr:.l, bictoglc._.l, and other characteristics of

the various objec!_ intl_: solar sys!em, including planets and the]rsatellltest

comets, and asf_ tolls.

Already, new knowledge: of the other planets has substantially increased our understanding
of theeari-h and ilsdyn.umicp'.occsses(e.g., atmospheric heating). It is the comparison of

the similarities and difl:erences an_ong the planets that provides a great stimulus to the

development of theories on the a_ginand evolution of the solar system° The interplanetary
comparisons must be accompllsi_..'d in all scientific disciplines and across the various disciplines.

Some of the disciplines most involved will be in the areas of physics, biology, geology, and

meteorology. This type of ana!ysis will provide the testing ground for existing and new
theories of the origin and evo!L,iion of life, the origin and evolution of the planets and the

solar systems, and the dynamic processes which continue to affect planet earth and to shape
man's environment.

Achievement of this objective leads to the following specific studies:

,, Conduct comparative studies in each scientific dlscipline as data
become available.

• Conduct comparative studies on an overall planet basis as data
become available.

Previous objectives dealt with Ihe exploration of those planets and bodies in our solar system
which are known. In contrast, the follo,uing broad objective relates to planets and other
bodies yet to be discovered in the solar system:

4 - Determine the true extent of our solar system and search for evidence of

undiscovered objects in our solar system.

This objective involves a close scrutiny of all data as they become available to search for clues

which will give an indicc4ion of bodies in space that are not yet discovered. Pluto was dis-

covered within the last 40 years, and a new satellite of Saturn was found in the last five years.

A new comet was discovered within the last two years, and only a relatively few of a potentially
vast number of asferolds have been recorded. Therefore, it is both possible and likely that

there are additional planets in our solar system, as well as undiscovered moons of the planets,
e_pecially the outer planets.
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_.... " .... " _l,c_ncethe possik,iJity of suchnewTile follov,,inq ...c.,Jte._of f:tu_el(!i),d<:_}c,-i. ,_I_t 1,, ,, ,rJ_.. I(.I De Itlr._('J_. ' [k' ' I

discoveries:

• Analyze available data for undiscovr, rcd planuls.

® Determine the exisfence of addltiona! bodies by studying data
ob|ained while e×ploring all of lhc planets of our solar system.

The planetary plogram in the past has bean and in the near future will be conducted with

automated spacecraft° However, the possi!)ilities of utilizing man as an on-siteexplorer

has many advantages° The developmentot [light systems and man's capabilities to operate
in earth-orblt and to explore the moon are necessary precursors leading to manned exploration

of the planet Mars. 1"he concept of man asa planctaryexplorer is reflected in the following

broad objective:

5 - Utilize the unique capabilities of man for in situ exploration of the planet Mars.

This objective implies in situ measurements utilizing the capabilities of man° These investiga-
tions will verify and extend the measurements obtained by automated spacecraft, utillzing

man_slncomparabletalentsto recognize and adapt to the unexpected° Man-tended instruments

with adjustable scales can increase the accuracy of the data. Man can perform immediate

analyses of data and modify measurements or observations as appropriate° Man can select the
best sites for his own measurements and sample collections, and for implacing automatic

scientific instruments for long-term data collection and data transmission direct to earth.

Analyses of surface material can be conducted during the return trip to earth.

r ...,.._.......... _ v - - ,,:._,.;_,,._;;z,;_ .... : - - ._ • ,.___._t-._.,_

• .' ,,--. _._ • - ,, ,'L.. ". _r_., .i_ • l

• ".,'" "- .. \ '. ' t" ". _',. '' "-'"..--

CONCEPT OF MAN'S INITIAL LANDING ON MARS
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To _:r__iizelhi_ i_:_l_:nl;, ! ',I,:'i :: ,, ,::!:i,: :: !': _he expl_._r,_.t;_,_ of 1,4_rs, ,.,alious capabilities must

yet be devcloi_: d to p_ _:: _,__,. (_,d :_. _._:_d sTs_ems to meet the dernanding requirements of
long planetary Higl_t_. Con.,_'._;_:_ :_.:_!_ y,::f-to-bedeve!op_d caF:bil_iiesand the in silu

meQsurements io be rnc_]_'_.,ll_: l_,J]_._v;:_!! :-?.eclflc objectives have been defined leading to

the utilization of man h_.i!:_. ,:..pi.:-_:'_._flonof Mars:

• Establish the c:h ,_.:i!i_7 for mcm to exist and to perform useful functions

in the er, vir'o_mr _:: :,_: spc_ce,ove_ periods up to three years.

• Develop an:J qu{:I:), iong--lif_, systems and subsystems required to

support maf_,qcd e:...i/,orafion missions.

Develop and qu(_!i:/ key techniques and systems such as: launch
vehicles, earth r_e_h-y, plunefary entry and escape, communications,

guidance and conllc, g, and spacecraft power, utilizing the capabilities

and systems develo;.'cd in manned earth orbit and lunar flight activity.

• Acquire data on ir_terplanetary and planetary environment for design

and operation of ._p:,ce sysfea.ns. These data will include:

- Micrometeoro[d and radiation envlronment.

Characteristics of the planetary ionosphere, atmosphere,
and surface including dynamic characteristics and seasonal
variations°

- G,eophyslcal characferistlcs of the planets.

• Develop sterilization techniques and quarantine techniques to minimize
the contamh_atlon of the planets and the back contamination of the earth.

• Collect surface samples, perform immediate analysis, and return samples
to earth.

Make personal and dkect measurements of the atmosphere and surface
characteristics.

Select sites for emplacing automated scientific stations and adjust the

range of instruments as appropriate, for data col lectlon while present,
and for subsequent data transmission directly to earth.

• Modify the scientific measurement program based on immediate analysk

of acquired data.
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For centuries manhasbeenstudying rite start which _:a,.ebeei, cn'Jili'ip.glight energyand l:eat
energy for billions of years. Until r_..cent years, access fo the.._ sh.;rs, n_tb,.;tae and galaxi-:_s lay

entirely through the fluctuati,_g beams of light and all'let radiaiions thai" filtered ti_rough the

earth's thlck uneven atmosphc:reo

With the advent of seundlng rockets and orbiting sateii_es, grt;at new vistas opened before us

__sit became possible to send observing equlpmer_t aB_ve th_ obscuring and distorling atmospher¢;

to observe the universe in all the wavolcrtgths lhat re:_c.l_ _helop of theatmosphera. This

sxposure to |he entire spectrum of eleclromagnetic radiations has given sp_::'cial impetus to the

iclerce of astronomy by transforming astronomy from a dale gathering activity to one of problem

_olvlng. However, to capitalize onth_s new capability has required some difficult and complex
mgineerlng and technical advances. "the first major st_._pwas the creation of the Orbiting Solar

)bservatory, designed for gathering information on the sun, followed several ),ears later by the

)rbitlng Astronomical Observatory, destined to look at the stars. Although the observations
_ade over the past ten years using sounding rockets and Explorer class satellites have provided

ome significant results, now with the Orbiting Astronomical Observatory, joining the Orbiting

olaf Observatory, many remarkable results are being obtained.

he principal discoveries that have been made to date in the space astronomy program are:

• Discovery of X-ray emissions from various regions of the sky.

Discovery that the center of our galaxy is a source of gamma rays and that
it is surprisingly bright in the infrared.

• Detection and survey of ultraviolet and soft X-ray energies coming from the sun.

Discovery of radio signals coming from the earth that are similar to radio waves
coming from the planet Jupiter.

• Discovery that the hottest stars in the heavens are even hotter than suspected.

Information suggesting that normal galaxies are unexpectedly bright in the

ultraviolet region of the spectrum, which may explain some of the very

Blue objects which have been discovered in our search for quasars. If this
phenomenon is as common among the distant galaxies as in those near to our

galaxy, its discovery may have significant cosmological consequences.

Clues as to the composition of the fine cosmic dust floating through space
that might tell us how the earth was formed.
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Goal
THE MILKY WAY_ SOLAR SYSTEM_ AND NEIGHBORING STARS

The current Astronomy Program includes spacecraft that will continue to survey and study the
br|ght, the faint, the relatively near, and the very distant celestial objects. These spacecraft

will survey the sun with increased resolution, and will observe and study high energy X-rays and

gamma rays, ultra-high energy cosmic rays, and the nature of the physical processes occurring
at the sources of these energies. The program envisions the use of both automated and manned

systems throughout the next decade. The results of these missions when complemented with the

results of ground-based astronomy will add another incremental step toward the goal of Astronomy,
whlch is:

1"o understand the origin and continuing evolution of the cosmic environment,
by observing and interpreting the basic physical processes in our solar system,
stars, galaxies, and the universe.

Possible Future Achievements

In the process of advancing our knowledge and understanding of the space environment and the

universe in pursuit of the goal, it is entirely possible for us to realize four major achievements
by the mld-1980's, provided we pursue an aggressive research program. These achievements and
thelr significant values are described in the following discussion.

The first of the four potential achievements is:

• To have an understanding of the most important aspects of the sun and our solar environment.

A program of observations of the sun from space will enable us to understand the major phenomena
of the sun which affect the earth's environment, and to be able to predict the occurrences of

these phenomena. Since the sun is our nearest star, by understanding the sun's major phenomena,

we will be able to increase our understanding of other stars, and add to our general knowledge
oF energy conversion mechanisms°
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;his _:,:;crslandint?_ to!i_::r{;_:r with asT:cci,'_tcd studi_:, wii! c,,ntrib:;!_.' diit_.ciJy to our k_lowledge
of _i_u r;ok_r h_tiii_g of ti_,; ¢ar_,h's _,pper atmosph,::ru c_:d i:s cc__rrci_+_,iorlwiti, wc:.rJther and sus-
peclcdl,eriodicillcs (e.g._ ruinl'a!J). Solarobserv, stio;+swiil likewi::_, provide a knov.,Icdge of the

ladialiorJ hazards From solc_ flares wl_ich is important tc ti:_: d,_slgn at manned and auto-mated space-

crafta_d tohiah flylng_rcraft of the near future. Our undelstar_d!ng of the sun and ils major

phenomena will also enhance applications of communicafiot_ and radar systems that require a
knowledge of ionspheric [.::::4-_rbations and change r as welt c_snavigc4ic:nal systems that are
dependant on the earth's r>.aL+nefic field.

A second possible major ach;evement attainable by the mlct-i980's is:

• To have an understanding of stars and our cosmic environment.

/, program of observations from space is required to understartd the stars and other objects in the

universe, the matter and force fields between these objects in space, and their interactions.
Just as observations and studies of the sun help us understand stars, so do observations and

studies of stars help us undersiand the sun• There are young stars and old stars, hot stars and

cool stars. Studies of these will tell us how our sun looked in the past and how it will evolve
in the future.

There is evidence that half the mass of our galaxy, the Milky Way, is not in stars but in the dust

and gas between the stars. The determination of the composition and distribution of this material

is crucial to our understanding of the formation and present environment of our solar system•

Since stars are likely to be formed from this dust and ultimately explode back into dust, the
study of this matter can give us insight into the birth and death of stars and solar systems.

r..... -'-".......................................... .......... 1
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However, to appr_.._char_t"_,.:_lsic:n.din,7__f ii-_::vast phy:::c<:l, n;verse in which lhe eal-fi: is
located requires ti.c_lwe oblain G_sv,,er_to m,:_tyswcer_i_gand cnaltenglng que:tlons, suchas:
What are the largo scale eF.aractc:ri_,.qcsoFth_:_n;v<:isc? Did it orlcjir,ate with a big bang? Is
it belng continuously created? Is it openo: closed? How did lhe ur, lverse begin, and evolve?
How will _t end'?

Substan|ial pror_:>s__. can be made inan_wering these queslions by observing faint and dlstant

stars and galaxles with large space _el_::scepo._ that can eff'ectlvoly bring all galaxles in the

universe ten times closer than is possible wiih,ground-based instruments. Space telescopes of

this type will allow us to make more accurate rneasurements of the dlstances to remote galaxies.

When these measurements are related to previously observed velocities indicating the expandlng

nature of our universe, we will obtain accurate values of the Hubble constant (the ratio between
expanslonvelocityanddlstance). Thlsconstant, along with other informaHon such as the age

of the stars in these galaxles, will help us determine the time since the ereatlon of the universe,
and the large scale past, present, and future characteristics of the universe.

A further possible achievement is:

i To have permanent national astronomical space observatories.

Space observatories wlth a variety of astronomical telescopes, some with capabilities far
exceeding those of present day earth-based telescopes, will make possible observations above

the obscuring effects of the earth's atmosphere and in essentlally all wavelengths of light. These

observations will make a dominant contribution to our understanding of the content, structure,
and evolution of the unlverse.

Development of observatories with large astronomlcal telescopes will result in the extension of

our technical capabilities in the area of large precision optics, detectors for X-ray, ultraviolet,

and infrared light, and stabilization and control systems. Thls technology has a broad range

of utility, and will be required for satellite systems designed for a variety of earth-oriented
applications.

National astronomical space observatories will also provlde a unifying force in astrophysics and

malntainUnlted States preeminence in the field of astronomy. As an immediate practical value,

such observatorles will encourage and maintain the support of the youth of our country and the
world for the Unlted States as an imaginative, innovative leader in the peaceful uses of'sclence
and technology.

The final achievement that we visualize as belng realized by the mid-1980's is:

• To have made maior discoveries equivalent to our understanding of nuclear
processes in the sun.

Astronomy is the science that has provided man with the fundamental laws of celestlal mechanics,

gravity, mathematical concepts of integration, time, and computers, and gave impetus to

the development of the basic concepts of nuclear energy, it expanded man's view of his

neighborhood beyond the earth, to the solar system, to other galaxies, and to the awesome scope

of the universeo The frustrations of youth are related to the confinement of our sphere and to

their need for new frontiers and challenges; astronomy can provide new opportunities. In a
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.',_,i!.h_ll, r, j-inci_c,:_cd abi!i b, to oo,__rve other obie_:ts ir_ the unlversc qho\,e the obscuring

_'!_,ct o_ '.!._; ear'.h's atmo:1_l_,,,re promises to expcmd our hur;::ons ou.L:ide t!_e boundaries of man's

"_i.,_._ccc_-_:_t," the ptar;cf Ea_ih. An exarnple of ,!_sco,.,_ry is the c_xpecl_tion tha_ space astronomy
÷J |°,,._,t c_liow us _o determlne _vhether ea_th-t_ke pIc_nc_ts e_Jst outside our solar system. On a

v,_.¢ly difi-crent fron_, we seek _o d_scover how recen_ly.-observed pulsars can apparen|ly emit

r__,:,r._e_....,. afa rate 50, C,uO tinas that of our sun, and to oe_erm_ne what this may mean to man's

u:,.; of energy here on ec_rfh.

Ob i_ctivc._

"(,_ c:chieve these capabilities by the mld-1980's requires a broad cohesive program of

:.:clentific research. The data gathered by this program of scientific research will also materially
_ _n_rlbute to the attainment ot: the six broad objectives established for Astronomy. For instance,

Jr. our efforts to understand the physics underlying solar behavior and the effects of the sun on

man's technology and environment, we are led to the first broad objective:

1 -. Develop a satisfactory model of the structure and physics of the "quiet" sun and

of the processes involved in solar activity.

Aeldevement of this objective implies the acquisition of solar data over the entire electro-

magnetic spectrum from low frequency radio waves to energetic gamma rays on the order of
200 kilovolts. This broad spectral range should be observed simultaneously with the highest

possible spectral, spatial, and time resolution over long periods of time. Concurrently, there
should be measurements of the solar particle radiations emitted into the solar wind, and the

magnetic structure of the solar wind as related to the solar magnetic fields. This latter set of

obs,_rvations is particularly important from the point of view of understanding the physics under-
lying solar activity. Furthermore, there needs to be long term ground-based and space observa-

tions of the morphology of solar features and realtlme measurements of solar magnetic fields.
These observations should be performed with instruments that provide the highest spatial

resolution. Of equal importance is concurrent laboratory work to permit a proper physical

identification and interpretation of solar observations and of theoretical work to integrate all

the observations, including laboratory studies.

Based on the type of information needed to achieve the preceding objective, the following

specific objectives have been established:

• Develop a satisfactory model of the quiescent solar corona.

Develop a satisfactory model of the chromosphere-corona transition region

for the quiescent sun.

• Determine the abundances of the elements as functions of height in the

solar atmosphere.

• Determine the cause of the stability of the photospheric intergranular
structure.

• Develop a detailed description of coronal streamers and their relation to

corona I promi nences.
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0 Identify the ph),sica _ mechal',Tm_ ,qi,,'i:_,,j ris,-,, fn si:., ', :Jl lines st;oll only in
flares.

Improve correlation of solai tra_)sicnt [Jhanomena with their terrestrial
effects°

• Determine effective klnetlc temperature, structure in flares from shapcs of

extreme ultraviolet spectral lines.

• Improve reliabillty of solar fiare, prediction techniques.

• Determine the true level of solar X-ray continuum ladiation and its
emission mechanism.

• Search for thermonuclear reactions during phases of solar activity°
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THE EVOLUTION QF SPACE ASTRONQMICAL OBSERVATORIES

By observing and interpreting the physical processes occurring on planets and other cod members

of the solar system, we believe we can begin to understand the orlgin and evolution of our own

planet. This leads to the following broad objective:

2 - Study important processes occurring on planets and other cool members of the

solar system through observations from the vicinity of the earth.

This objective implies repeated photographs of the planets in the visible, ultraviolet, and

infrared regions of the spectrum with the highest spatial resolution available. It also implies

repeated spectral measurements in these regions with both moderate and high resolution.

Moderate resolution visual imagery and some visible and infrared spectroscopy can and should
be done from the ground and from balloons and airplanes° Long-wave radio receivers, with

sufficient spatial resolution only to distinguish one planet from other planets and from other

sources such as the sun and galaxy, should monitor radio bursts from Jupiter and possibly other
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planets in conjunction will" ey'_Irnsi',,c_ground-lxr:s'_'dr.__il,_,'i_'_r,c_:higher Fr:'qu.;:r_ci,as.A few,
suiiably _nstrunlentccl,rock,is sho_ld i_aov_._iI_;_btelot t,_ui_ch_,,__i_orf_!_!iceto o[_trJ_nultl_-
violet spectraof cometson a t(_'-]elo! c.Fporlu_l;tybasis. Lorg: md_o_.',d rc,dar dishesand
interferometersare needed[or rnappinUof plane._aryend c.sleroiJsur:accs.

To acquire the neededinformation, the following specific objectives have been csteBllshed:

• Map the basic cloud structures and their chang,:s on Venus, Mars, Jupiler,
and Saturn.

• Measure variations, if any, in atmosphelle composition and temperature of

the planets Venus, Mars, Jupiter, and Saturn.

• Determine the isotopic composition of the atmospl.eres of the major planets_

• Obtain ultraviolet and infrared spectra of planets and I_right comets°

• Measure properties of planetary surfaces and asteroids by various techniques
including radio and radar.

• Map the planets for radio emissions to determine their location and

characteristics, and their changes in characteristics with time.

The astronomer today not only seeks to learn and understand the stars and galaxies, such as

their motions, sizes, compositions, ages, structures, and evolution, but also seeks to know the
nature and behavior of the material and the fields between the stars and galaxies and their

relation to the stars and galaxies. These significant factors have led to the development of the

following broad objective:

3 - Determine the fundamental characteristics of interstellar and intergalactic
matter and fields°

This implies the use of large highly sensitive instruments with high spatial and spectral resolution

for use in making observations in all wavelength ranges, including those wavelengths accessible
with existing lower resolution ground-based instruments. Wide wavelength coverage and the

absence of the turbulent atmosphere are equally important for these investigations, but to fully

utilize the absence of atmospheric disturbances will require better optics than those usable below

the atmosphere. In addition to the high resolution spectroscopy and imagery, detailed polarization
tlaps must be made in each wavelength region°

"o acquire the information needed to achieve this objective, the following specific objectives
_ave been established:

Determine element abundance and physical state of the interstellar gas and
its variations with location.

Map the presence and distribution of infrared nodules in nebulae which may

represent the early stages in the evolution of a proto star.
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M-_p in ,Je"',;I cjc:lsr'ous nc,bu!_*_- a'_ _ .',lu,s. _o un.dcr:_,p;ding I,'.;r:.e sccl;
tuibulenee shock v,cwcs u:_d m,,a,'.c_i_ fields cm,.: ,,_ us'd:.'r,',l.u,_:!;na_ cf lh_

• _° ° 1 Irole ot: these processes in th,e evrJiuJion oJ" |t_e guJ_;>,y and flle ina_,, c,cJa
sta rs.

Obtain high resolution photographs of dust filaments, globules, and
Herbig-Haro objects for clues to th:_ F.rocess of star formation.

Determine the total amounl and _avelenglh dependence of interstellar

extinction and polarizGtlon a:; a f_Jnctlon of location in the galaxy.

Determine the spectral distribution and spatial isotropy of the "three dc_gree

Kelvin" background radiation.

]

rJ

CONCEPT OF HIGH ENERGY ASTRONOMY OBSERVATORY FOR X-P_Y,

GAMMA RAY, AND COSMIC RAY INVESTIGAIlONS

Foremost in our search for knowledge is to learn more of the physical processes in the universe,

especially the changes in the matter and states of stars. But Before we can have a sound under-

standing oF how and why these changes take place, it is essential that we know their physical

characteristics. An important broad objective of the program therefore Becomes:

4 - Measure the emitted energy distribution of celestial objects including normal

stars and galaxles, quasars, and pulsars, to improve our understanding of
their physical natures.

This broad objective implies observations from space platforms in all of the regions of the elec-

tromagnetic spectrum from hard gamma rays to long-wave radio waves, as well as observations
from the ground in those wavelengths accessible to ground-instruments. These observations c_re

to be made with moderate or high spatial resolution, moderate spectral resolution, high phote-
metric accuracy, and, for some observations, with two senses of polarization.
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CURRENT SOURCES OF KNOWN X-P_kY RADIATION

I

Steps leading to the identification of these physical characteristics are rc::presented by the

following specific objectives:

• Measure the bolometric brightnesses of normal and various types of
_.r

peculiar stars.

• Determine the abundance of elemental components in stars and lhe extent
to which these vary among normal stars.

• Obtain the energy distribution over the total wavelength range for SeyFert

galaxies, radio galaxies, and quasars to determine their slmilar_ties and

differences and as a clue to the physical processes occurring therein.

• Detect chromospheres and circumstellar envelopes in a number of late type

stars and determine their gross physical characteristics.

• Increase our understanding of multiple stars and their interactions.

• Measure the X-ray and soft gamma ray spectra of the brightest X-ray stars
to determine their atomic composition and physical characteristics.

• Measure the polarization of bright X-ray sources to establish the physical
process involved.

• Determine the magnetic field in non-thermal radio sources by measuring

the low frequency cutoff°
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Whc tv,'_ul(- hi:,i,or), of fl,c t_nivcr>: i'.; a f-.,_lllc_,!r:r o, .... oI- i'. _ J!r>', t-.:',_' ,.::_:,>m:ii_i_-r,l ,,b:,e; _" '-• . . I)_¢' .

] i • , , ,we are a_!o. to S,.:t it,c t.u,.-.lc oat '.,vilh v,,;_,.:t_ to I_.r,,_r_._ ,_ .__i,_c _: _t,;,; o'. ,.L,tva;'..,_e of SF,aCr.:

and If, c: rcate o[ CXl.,anslc_n of Ihe universe. "il_is c]_alicJiq::.' i.>'::ds to ihe foll...,;r, 0 [.ac.,:ad o[.i,ec,i',.,e:

5 - Determlnc and interpret lhc' spatial and ter, q_oral dlslribution of cole:dial

radiatlorl sources in various regiolis of the clcc'rom,sgnetic spc:ctrum.

This objectlve inglles repeated observations of se!ected rci_rc'sentative objects over periods of

minutes, days, a,.,! ;'ears to monitor short and Ior_g l.'erm c!,c;r, ges. These c!',_ervatlons will

normally require moderate sensitivity, wc_vclenglh, and sp._iial rc:solL,t_on. Studies of the

spatial distribution of radiation will require botll brr_d-Bc'.nd wide-field telescopes i:o," back-

ground surveys, and ir_struments of cxtren_ely hlg;, spatial rcsolutlon and high sensitivity

studies of the size and structure of very distant objects. For spatial mapping in the X-and

gamma-ray regions, the next step beyond the present Explorers requires payloads of several tons

because of both the paucity of

moderate spatial resolution.
ahotons ar, d the physical dlrr_enslor_s required to obtain even

,L, I .

LARGE ASTRONOMICAL ORBITING FACILITIES CONCEIVED FOR FUTURE INVESTIGATIONS

IN VARIOUS AREAS OF ASTRONOMY

The information needed to achieve this broad objective is embodied in the following specific

objectives:

• Map the diffuse X- and gamma-ray background to determlne the galactic
or extragalactic origin.
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O Determine the enerf.;y del_.!::icnc::.. _ v.:irl. i" ,: _ i'._:: i_ffc,_:_| 7 of X--_o 7
sources, pulsars, quasars, c_ld vari,.,k,i_: ,.; _!, : :'s,

Determine the ulitaviolet c_crgy d]_.r" r '_ ' "*','.u_. " v,: ,i::u:, typos c,f galaxies
to correct dislance, criteria based c_r_gal,:._d:iic mr_,L;:.il'_des fo_ i!_e effect of
red shift°

• Obtain accurate [occ_ions for at least twc_',, .-,i,,'e _,'.- '_Y stars to permit the

optical identification and study of i!_:sse or_']_._._.'.:.

Determine the galactlc and cxtraga k: ct i c {'.is;'. i_suii ::,_ o[ X-ray stars through

surveys which reach at least an ord,, r of m.:;,,_!_d_; ;"ulnler stars than those

currently available with rockets.

• Determine the spatial distribution of radio c_,_isslons from the celestial

sphere°

• Determine the spectral distribution and spaiia] isot'ropy of the "three
degree Kelvin" background radiation_

• Measure angular diameters of remote galaxies to delarmine the scale and
curvature of the universe.

• Measure sizes of objects such as quasars and s_ruetural detail in other
galaxies.

One of the current theories about the universe states lhat the universe always looks the same
from any point at any time. New discoveries in receni montl_s are beginning to present argu-

ments against this "steady state theory." Thethrilllng thoug!_t of discovering new phenomena

that might revolutionize our picture of the universe, or of fundamental physics, leads to the
broad objective:

6 - To discover phenomena not yet observed and/or not predictable on the basis

of today's knowledge.

This objective implies surveys of a large number of representative areas of the sky in all wave-

length ranges inaccessible to the ground, with progressively increasing sensitivity as well as
improved wavelength and spatial resolution. A portion of the time, with comparatively high

resolution instruments, will have to be devoted Io exploratory investigations with relatively

little likelihood of positive results for an individual investigation. New phenomena, when

discovered, must be observed with a large number of instruments, both in space and on the

ground to provide the broad wavelength and parameter coverage necessary for a physical under-
standing of the phenomena.

i'he supporting specific objective in this area is:

• Search For previously unobserved classes of celestial objects, such as

planets of other stars, gamma-ray stars, proto stars, etc.
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,)ver the years, mankind has shifted the frontier of h,vesiigr;!icn from his hnmcdiaf_: environn_ier.f

._the earth's upper atmosphere° With lhe introductlan of ro,_kets(_'r_d artificial satellites, we
-:reable to continue this shift upward into space. Thus, for ihe _st ;en years, effarts have

ten directed toward the exploration of the space atound ',:s, and a better uqderstanding of

,i_e phenomena found there.

Ten years of exploratory effort have faugh. _ us how lo rnake _)hysical measurements in space,
jnd have produced results that can only be described asrevolutionar,_,. Asa matter of fact,

o_.anyconcepts as we understood them in the 1950's have required major revision. In addition,

n_,mber of totally unexpected new phenanlena have t_een d;scovered whose understanding

provides us with new challenges.

fk

_r

i_̧ Ii ii_

.... J " " j l

CHANGES IN CONCEPTS OF THE EARTH'S ENVIRONMENT THAT RESULTED FROM

DISCOVERIES DURING THE FIRST DECADE OF SPACE EXPLORATION

For example, we once thought of interplanetary space as being an almost ideal vacuum con-

taining only the familiar planets, comets, asteroids, and the Zodiacal Cloud. We now picture
interplanetary space as seething with various energetic particles that the sun constantly spews
forth in the form of an ionized but electrically neutral gas called the solar wind. This solar
wind flows outward from the sun in great spiral paths llke the flame of a 4th of July pinwheel.

We once represented the earth's magnetic field as lines of diminishing strength extending
without limit into space. Our current understanding is that the earth's magnetic field, which

is being constantly bombarded by the solar wind, has a definite boundary and is shaped like

a "doughnut and tail." The region of space occupied by this field is called the magnetosphere -
a word that had not even been coined ten years ago. We have found that the earth is surrounded

by a concentration of energetic particles or belts of radiation called the Van Allen radiation
belts; that the upper atmosphere consists of a population of diverse particles that interact not
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only with each etl_erbut with solor rcclic_tio_.,_nd [i_ed._,n,:, ,,_;:!ral _!n:o,_f,t_,.._ebelow; th,_t the
earth hasa hydro.flengcocc,;onaor gaseou..c:n,.,efot_:_f[_._t,c__chesou[w_.'rdlhou__nndsof miles
and mergesimperceptibly with _heexlendc.dsnlur corona°

Thecurrent programextendsour expIorci ion out to rcgions of space not previously explored.

It also continues with the observation and st,;dy of regions c_l_eady explored, so that we may

more completely define the processcs oceurl;ng in these recjions. This latter portion of the

program is presently changing its ct-,a_acter. 1he cxplorator 7 survey ofti_e earth'senvironn_,ent,
that characterized the past ten years, is being replaccd wili_ a study of the spr;cifie processes

or physical mechanisms responsible for the phenomena that we have observed. These and

future studies will lead to the developmenl of a detailed qu.qn._itative t.nderstanding of
our environmenf.

Goal

The proposed program, when viewed in the framework of broad scientific and technological

efforts of the future, is another step in the direction of achieving the Space Physics goal_
which is:

To explore the space environment, to understand its nature and the

physical processes that shape _t, and to increase our knowledge of

the fundamental laws and principles of physics.

To attain this goal. various physical processes will be studied_ not only in the Space Physics

Program but also in other NASA programs such as Astronomy and Planetary Exploration.

Within this overall activity, the Space Physics Program is concerned specifically with in situ
sfudies of the earth's environment above 60 Km., study of inlerplanetary and interstellar space,

and the conduct of physics and chemistry laboratory experiments that have to be carried out in
space° Although the primary objective of this program is to gain basic knowledge, emphasis

will be placed on those areas of activity that may form the basis for future applications or

provide information needed in other areas of research.

Possible Future Accomplishments

The accomplishments to be expected from an aggressive research program may be exemplified
in terms of six capabilities. These capabilities, their implicationst and possible impc_cton

mankind are briefly described in the discussion that follows.

The first of these possible accomplishments is:

• To be capable of assessing the degree to which man can predict,

modify and control the earth's environment°

The sun exerts a profound effect on the environment of the earth, controlling both the

meteorological and space climates. An important goal of the Space Physics Program is to

understand the processes by which this control is brought about, with a view toward predicting

and, possibly, modifylng their action° An understanding of the major features and processes
of sun-earth relations may lead us to the identification of trigger mechanisms that could be
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,. I " J riused to control tl_e earth's environr:._ent r_,:- !he bc'_,;,fi1 el _,:.r_,_:_.,.,.. _,. _ . :,i: f;',_:;_ .:[_,:Fro!-:._,J.d

basic research shou!d pierce this country in a posili_'_ re as:,_:4 the pr,.ci'::_ : !'';;/, d_u..i_.:&>illt:,,,

and dangers inherent in such modii:ication._ arid perr:tlt d:.ci;i,J_,s e_,_,,_,':',h, TM ;..it ,i._;i ;i 7 c_: at,
I ,.4 I " r" "applications program in envilonment control. Practio:,l c,bi_:_,_iv_:, _:_hi.,. ;_,c _. ,_c._,,_o..:_lcatlon

of global weather patterns; control of artificially p oauced r_a'at',:,,J in _,i::, _: such _: t!_at

produced by the 1962 nuclear tests; or maklrg the n,,lura! en\,irorml_r,i n,:_-:, q._[!ablc for space.

operations°

The second possible future accomplishment is:

To know the value of continuously monitoring the conclitlon., in sp !_ _

(which we might call a "space weather" patrol) and develoi; techrliqu,_s

for implementing such a monitoring system°

l

_r

EXPLORER SATELLITES FOR INVESTIGATION OF EARTH'S UPPER ATMOSPHERE

2hanges in our immediate environment, such as atmospl4erlc weather and disruption of
ionospheric radio communications, are to a larger or smaller degree responsive to changes

n the outer space environment. A better understanding of these relations should permit us to

letermine whether it is of economic value to monitor or even forecast changes in outer space.

;pacecraft systems and instruments to be developed for this assessment are expected also to

ead to the type of automated, long-life spacecraft needed for an operational system.

knother possible accomplishment that we foresee by the mld-1980's is:

• To have an understanding of the laws and processes that govern the behavior of

ionized matter in the solar system.

he sun's atmosphere, or heliosphere, expands outward into space conllnuously to envelop the

arth and other planets. This outward expansion produces a solar wind° The sun's outer

orona appears to be a fully ionized but electrically neutral gas, which is referred to as
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plasma° Plasmasconst_tul_:.vl,c._thas:.ome¢ir,_esbeenc_l:c:,!,: "fourth s,_cteo{:nntl-er." An
understandingof ,h._pt,_>,sicsof pi,:_..:nc_sis llk,::iv to yi_:Id b_nefi_._ in the form ot" new d_vices

for power conversio:_, and will prc.vld-, the: b_lsis for interpreting some of the pher_omena observed

by the Planetary and Astronomy progmmS o D:_se plasmas play an im[_ortant ro_: in stals_ tenuous

plasmas fill the universe; and plasma i_r,_.rc,clk,ns, which are as yet not understood, are ti_ought
to account for ihe energy rc,diated By pulsars, By quasc_rs; ar:d by the radio sou,ces on Jupiter.

Plasmas are int,'ins[c in the structure of come_s. The ionosphere and ma,qnetosphere, the solar

wind as it travels away from the sun, cmd _.!,_; interaction of the solar wind w[l'h comet tails

and the interstellar medium provide us with o. unique iaboratozy for studying fundcmental
processes in col lisionlessplasmaSo The processes to Be s_udied govern_he transfer of energy

between magnetic fields, energetic pc_rticles, and electromagnetic radiation; processes that

on a stellar scale account for the release of tremendous amounts of energy°

An accompllshment that is important to our future manned exploration of Mars is:

• To know the natural hazards of manned interplanetary travel°

Given man's natural curiosity and desire to meet external challenges, it is an inescapable

conclusion that he will eventually explore the solar system° However, once on his way to
another planet, he wTII no longer be able to return rapidly to the protective environment of

the earth. Our present awareness of natural hazards is limited to radiation and meteoroids°

In neither case are we able to assess the full significance of their hazards. Acquiring detailed

knowledge of the environment will permit man to design spacecraft so that he may successfully

operate in interplanetary space with a minimum of hazard.

A further accomplishment that may be possible to achieve by the 1980's is:

@

• To have a basic understanding of the nature of gravitational forces,

gravitational waves, and general relativity.

The grs]_itational force is an enigma; it _s the weakest force in nature, on the order of 10 -40
to 10-'; times nuclear and electromagnetic forces, yet it harnesses as much energy in the
universe as the others. Even though it is the first of the universal forces to be identified,

(Newton) we have as yet learned little about its detailed properties because its weakness

makes it almost inaccessible to laboratory studies. By the use of space, we can study accurately
the interaction between light and gravity, search for gravitational waves, and study re_ativlstic

effects on planetary orbits and on the precession of gyroscopes Tn order to test Einstein's general

theory and establTsh necessary refinements. Potential practical applications of this knowledge
are far in the future; it will, however, be an essentTal ingredient in the interpretation of

astronomical observations and in the formulation of any theory about the evolution of the
universe.

The final future accompllshment that we foresee is:

• To have proven the value of a physics laboratory in space and to have
conducted exploratory investigations.

A laboratory in space offers unique features not attaTnable on earth, such as an effectively

gravlty-free environment, absence of wall effects, and the natural availability of particles
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:!imuch hioh_.rcnelcjTc__ll_ancon L',oprc,riuce,:!ciliPici:_l!v.S_nc,::il_T., ,,w<_rc_,'_of

!eavor, we l_._,,e liar >,,:I cievei_r,_.cJ s,n.e(:ific inx,,:,_.fiE;c;tlc,i,; cr e.>_,, :i .... :i_: ._, !>c' c_,_tucted.

:liar su!'prises are anticipc:ted ill such a m:w pro_jrarn, _llid ihe iniii_:_l c,!_i..c': i,,,.: will be to
ave the sc[enl iflc value of lhe i_rogram and its polent]oi foi practiccli c!l_l.iicn_io:_.s.

1980 to 1985, it is expected .q_at the high energy physics piogra_;i will [,_:vc- p:ovidsd us
th an understc_nding of tl_e most energetic proces,_;es in nah_re -- occc]er(_ii_n of parlicles

millions of billlons of electron volts and elementai),-i:xarl-icle interc_c_i,:,r,; c,._ i[_ose allergies.
suits anticipated in the physics and chemistry labora_c:ry wi!! lead to new ir.<,i_jhts inlo the

iure of the solid state and show the way 1o new proco,_ses and techr_iqc, es ,:s.:_b[e on the

)und. Other results from this laboratory may find app!icnlion for oxtund::d space activity
:h as a lunar base or manned fligMs to tile planelso

ase six examples are illustrative of the potential accomplishments to Be exl)ccted from a Space
Fslcs Program. The direct results of the proposed research, however, will be scientific knowl-

_le; and it is through this new Basic scientific knowledge that we can further develop our
:hnology. These technology advances will, in turn, lead to new techniques and new
truments, whicl:, very often speed up our work in basic science and lead to ways of uncover-

lyet further secrets of nature° The long-term contributions to scientific knowledge expected
m this program are expressed in the terms of broad objectives° It is the nature of scientific

earch, however, that its outcome cannot be predicted accurately and, as a consequence,
, objectives are open-ended rather than definitive.

iectives

previously mentioned, our exploration of the earth's space environment has revealed a range

entirely unexpected phenomena, such as regions of trapped radiation and a definite boundary

i'he earth's atmosphere and magnetic field. Our studies of space have shown that many of
se phenomena result from complex, large scale interactions of solar energy with the earth's
losphereand magnetic field, but the detailed mechanisms are not undersfoodo Now we aim

Jnderstand the physical processes and interactions that shape our environment. For instance,
are searching for the mechanism by which energy is transferred from the solar wind into the

_lnetosphere, processes by which particles are energized, and the balance between various
_fochemlcal reactions in the upper atmosphere. This leads us then tothe first of five broad
ectives:

I - Obtain a detailed understanding of the physical interactions and dynamic
processes which control the earth's space environment.

_chieve this objective requires that we continue to observe solar cosmic rays, electric
ds, the solar wind, and fluctuations and interaction of the solar wind with the earth's

inetlc field. From these observations, we will be able to determine how the earth's

:k flont, magnetic boundary, and magnetic tail are formed; how the solar wind drives

lnetospheric processes such as electrical currents, auroral activity, and energetic

_ped radiation. We will also observe the bow shock, magnetopause, and magnetotall

letermine how they vary with time and space. Simultaneous observations will be required

he solar radiation, electric fields, the motion and diffusion of the earth's atmosphere and
_sphere; and global distribution of the composition, temperature, denslty, chemical

nges in the atmosphere, and their variations with time, position, season, solar cycle and
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ec_rlh's_,:,.. .....:_,. ::,c,_,_.c.;,.r_::-r_.,,,,_will I,,::d.foc_nun,-]_r!,f,i:_din3 ef how s_;,l:_:

: , ' ' . ' _'-' io;,siJnc<".. ."_.._ in!orn",atior] describc.d above will
, ,, P

, ,, ,. c.,d. , tr_ e:<pu,ir;_en'rs with artificial environmental

perturb:,',]_.:':, i_, [i ::-:., r _:_,_ u:_d, _:_:'._W_n.:_!ural trYg_r:r mechanisms in the envilonment.
The kne, vl ,j..; _ . "... i_-, i, _: _!-,_;I from ii,i_; bro_..d o!;,jecfive _s _xpected to piovide tangible

benefits ii: [o;,: ..; [_,_l __:_\,irc_l_ment_] _hon£,c.; v,l_ich rnc_y affect weather,, communical'ions,

and man,. :] ._._,:-_: t _ r., . Such I'.l;3v,,Icdge may ultima[-nly provid_ the means to exert
some conlio! o' _ cur _,i_\,]i(,,,_,lllerlt

Based or, t;,c., I/..-_... of _nlo_!-r:c_[ion. . ti_¢_t is needed to achieve the above objective, the following
supporti k_ q":_ ific _!:.]_:c_ :,. c_sand .._Ccluence of accompl ishment have been established °

Initial ob]ecfi\,_-_:

Detenr_inc the dynamic plc_sma properties of the earth's magnetosphere_

such _ rne.chcnisms for lrcmsferring energy from the solar w_nd h_to the

magne',osphere and the sources of energetic particles in the magnetosphere.

Determine the photochemistry of the earth's atmosphere and of the solar

radic_tlon and physical forces responsible for the structure and behavior
of the neutral _mosphere and.ionsphere at altitudes of 60 to 300 Kin.

Intermed iate objcct ives:

Complete the investigations leading to a full determination of the processes
related to our env_ronment_ such as studies of the three-dimens_onal properties

of magn_._tospherlc regions, and investigation of the termination of the geo-
magn_.i otail o

• Perform initial studies of the reaction of the environment to minor

perturbaf_OnSo

Long-range obiectives:

Search for trigger mechanisms that control the earth's environment,
including:

- Change of heat balance of the upper atmosphere to study

coupling between the upper and lower atmospheres,

- Change of natural or induced radiation environment affecting
operation in space.

• Study long-term changes in our environment such as geomagnefism_ Van

Allen belts_ and solar radiation effects of the upper atmosphere.
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• f" J , _ • IExi_lora,_Fo._ ar, d o lscovery have, throt_ghout m_n', JilS_r,,)ry, t.cJ o is. o_ound s_f!uence on his

existence In ways which c.suld not be predlcted o_ 1he fh_e.. F;Su_of;vel ), s;;ccklng, our

inlflal exolorotion of space has been generally limi,_ed to our Back:yard. As yet we know
very little about v(.,sf regions fur out from eai'ti-',_ bo[!: fo,/c_rd and cway from tl:e sun.

Explorotion near to the sun will provide dalo pertinent to our neo_e.,:f star and source of

Ii[e-sust(_inlng energy. For from the sun (100 AU), we may [,q'_'cSf_gdte the p_l_icles arid
radiations flom the universe, free from the t:iitering influence> of solar wind and solar

magnetic field. The second broad objectlve expresses this c_spiration.

2 - Explore in sltu the region at: space extending from the sun out to interstellar
space in order to increase our understanding of the nature and evolution of

the solar system and the universe.

So far, our investigations have Been limited to relatively short distances from the earth and
have been confined to the plane containing the earth_ the sun, and the planets, known as

the ecliptic plane° It is important thafwe investigate the space environment outside the

plane of the ecliptic for comparison with the investigation already made in the ecliptic plane.

It will be important also to undertake very detailed observations of the interplanetary medium
that can onlybe performed near the earth Because of telemetry limitations. To accomplish

these investigations may well require the use of advanced technology in electric-power

generation, thermal control, and high impulse propulsion.

• ':'; lit

[*' _ -t !'

_:XPI, ORED AND UNEXPLORED AREAS OF THE EARTH'S INTERPLANETARY ENVIRONMENT

eps to be taken in obtaining this information lead to the following specific objectives:

the near term:

• Explore in the plane of the ecllptic from 0.3 to 5 AU frem the sun.
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Study H_e character of ihc solar ".Xir',d _:,"'t C:'_:_el''.:"7 pl-,,.-_(_mena t !he

distrlbuiion o_Jd fl Jx of ok,st" a_td asterok!.-._! m.:i_ .,, and i{le gradicr_t of

cosmic rays.

Beyond the near term:

• Explore beyond 5AU, move out of the plaice of the ecliptic, and

approach the sun to Jess than 0°3 AUo

Determine properties of the solar wind, the gradient of cosmic rays, and
distribution and composition of cosmic dust to at least 10 AU in and out of

the plane of the ecliptic and to wilhin 0.1 AU o r the sun.

In the longer term:

Explore the boundary of the heliosphere both within the ecliptic and at
high solar latitudes and study long-term changes in the solar atmosphere
at 0.05 AU.

Space affords a unique environment for the performance of experiments not feasible on earth,

such as laboratory-class experiments performed aboard a space platform, studies using plasma

outside the spacecraft, and gravlty-relatlvlty experiments that require large changes in

gravitational potential° This leads naturally to the following broad objective:

3 - Exploit the unique characteristics of space to conduct physics experiments
not feasible on earth.

:implied in this objective is the requirement for a space platform that would permit the conduct

of experiments in an environment effectively free of gravitational forces, enabling Basic

problems in crystal and particle growth, liquid transport, and temperature effects to be

investigated. Large detectors will be required to permit the study of extra-hlgh energy
cosmic ray particles that cannot be observed directly on earth. In addition, such detectors

will permit the observation of elementary-particle interactions with target materials at
energies much higher than those available with accelerators on earth. Even a few well-

recorded interactions at these energies could profoundly affect our understanding of the basic

nature of matter. The injection of chemicals, particles, or electromagnetic energy intoa

space environment can introduce plasma perturbations under controlled conditions. I'h this
way, we can use the natural environment to study plasma physics problems which are

unsuitable for study with ground facilities°

Most of these experiments fit naturally into a manned space station if one becomes available
in the middle of the decade. If not, some could be accomplished with automated spacecraft.

The gravlty-relativity experiments will require, in general, special automated missions.

Investigations of the propagation of light li_ a gravity field relies on the development of a
clock with an accuracy of one part in 10 . Similarly, a measurement of the relativlslic
precession of a gyroscope depends on the development of an ultrastable gyroscope that has

progressed to the point where a test in space is required.
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!,a supportingspecific obiectives in this _reo a_u:

_sa first step:

• Determine gravifationa! effects lhrough accura;c: n',ecs.u_:r,_,:::_ _,i" i!_c" r.':,/

shift and the gravitational quadrupole momen_ _f tl_e sun.

•. ! 01 .'_ ,• Delermine the character of galactic cosmic ra/s ./'I 010 !_L: . "_'_ot]:_i

perform initial interaclions experhnents at fhes_s cner_!]_:s°

• Define experiments when the combined or individual efF.::c!s c,! ',__cuum

and zero gravity are important, such as: solid stai-o phy:ics; c,..!!o_n'cll

chemistry r flame chemlsfry_ and heat transfer°

_s we progress in our understanding of how to use space:

• Perform experiments with relativistic gyroscopes.

• Attempt to detect gravitational waves°

• Study elementary particle physics using the natural high ener_ 7 (1 011 to

1015 ev) cosmic ray beam.

• Conduct studies in physics and chemistry in the space station Ic_boratory°

• Perform plasma physics experiments in the surrounding medium.

I..........................................................................

THE USE OF SPACE TO CONDUCT GYRO RELATIVITY EXPERIMENT
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The informution neededto attain the above obiectives will h,.:veapplications well bnyond
thoseobjectives° We are hJteresledin pr.:_c_ic_JappTica',ionsto o|her parts of the space
programand scientific applications in sup.;ort of investigations in other disciplines. Our

knowledge of tile earth environmeni- has c'_abl._ us to use magnetic, gravity and solar pressure
stabilized orientction systems; 1o use the _:orth's infrared radia,_ion, the sun's illumina!-ion, and

the stars for attitude control and navigation; io conv{_rt solar radial iun into electric power;

and to make use of the sun's energy, t!le earlh's albedo and cold space for thermal control o

Our knowledge must be extended further to include details of environmental parameters in
space in order to minimize the hazards of intense radiation, micrometeoroidal matter and

other potential dangers. For example, we are awaretha_ satellite stobilizatlon and orbital

lifetimes at low altitudes are critically dependent on atmospheric drag; electronic systems are

damaged by intense particle radiation; communications are affected by conditions within the
ionosphere and, at some frequencies, are masked by natural Background noise. Hazards to

manned operations near earth or in interplanetary space, particularly in as yet unexplored
regions, need to be defined as a function of position, and how they vary with time if safe

and successful manned interplanetary travel is contemplated° An important broad objective
of the program therefore Becomes:

4 - Provide a model of the space environment for use in design and to assess
the hazards to men and machines.

The missions to be undertaken for investigating the geophysical environment and interplanetary

space will provide the basic information needed for this objective. Extensive compilations of
pertinent information will be required and "best values" will have to be derived from measure-
ments that are not always in complete agreement°

The following broad objective defines the scientific application to other disciplines:

5 - Use our understanding of the space environment to aid in the interpretation of data

from the environments of other planets and other parts of the universe.

Knowledge of our planet, its magnetic field, the chemistry of its atmosphere, and the surround-

ing tenuous plasma, including response to external influences, bears on studies of other planetary
objects and on processes believed to occur on stellar and galactic scales. Measurements of

cosmic rays and interplanetary characteristics provide indirect but revealing informatlo_ about
solar and galactic processes. Since the earth's environment shows important similarities to and

differences from the environments of other planets, our knowledge of this environment provides
a means for interpreting scarce observations of the other planets and for testing the general
applicability of theories. Dense plasmas play an important role in stars, and plasma interactions

are thought to account for the energy radiated by pulsars, by quasars, and by radio sources on
Jupiter.

The required information will be obtained by detailed in-depth analysis of pertinent data

resulting from investigations performed to accomplish the first three broad objectives sta_ed
above. Where necessary, mission profiles or instrumentation may be adjusted on the basis of

requirements posed by this objective.
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[,_',v[la specific cbjecflves, that will lead fo a m_lel of t[:_: s!_ace r_nvirorur, r'nf cmd to

_t;on th_'_t will old us in interpreting data flc._r:: other discipline:s, su!T,porf k'o _l 1}',_ 41h

bro:_d objectives:

Prepare further handbooks of important characteristics of the geophysical
environment such as density in the upper atmosphere and its variations,
radiation hazards, and the geomagnetic field.

Maintain an easily accessible library providing c vis_JcI data presentation and
a catalog of available space data; comaining photogrc, pt_s, summery plots

of various measurements such as particle fluxes, ion densities, or magnetic

field fluctuations, and complete records of reduced data.

Make theoretical studies of the earth as a planet and use the resulting

models to interpret the relatively scarce data from direct planetary
observations.

1975, archiving of data From various space missions will assume increasing importance.

_t time, techniques should be available for compact and permanent storage of exceedingly
volumes of data. Similarly, computer access to the data should be rapid and standardized.

.mdency will be towards relatively few super-computer centers with remote access to the
Jter available at the institution of the investigator.
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e at the beginning of a biological rcvoluti_=_ whi¢l, will ._._;_,I:, nain mc'.rnentum over the

]ecade. In these developments, Space Biot:;gy \viii l:.icr/ a _i_:cial role.

_t-day biology is looking at ti_e nature of liD., in brc':,'_!er _erm:; than ever before, raising
ons about the universal conditio_-_s of life, its oriqi_, _wolul;,_,n, and its ultimote limits.

: Biology provides opportunities for cxperlrn,:::_fs in ,:n,'iron_,:_ ra_sfl_ot have never before been
_ble -o the biologist. As man and o!her earfh orgc_ni.:,r,-,sc_,tcr extraterrestrial space, they

.e removed from the gravitational forces ut_d,::r whici_ they hey.. _ ,evolved, and can be

led from those factors which, on earfh, act _s time::::!ers for ¢he periodic processes and
ms that are characteristic of life,
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BIOSATELLITESPACECRAFT

: Space Biology flight research program, backed up by ground-based studies, has centered on

Biosatellite, a recoverable spacecraft especially designed for biological experiments. The
t flight mission gathered data on the effects of exposure to weightlessness and radlation--both

arately and concurrently--on the metabolism, growth, and reproduction of relatively simple
nt and animal tissues. The second Biosatelllte mission, launched in June 1969 and using an

borately instrumented monkey as the experimental subject, provided data for eight days on
: performance and reactions of the central nervous system and the cardiovascular, metabolic

circulatory systems during weightless conditions. Detailed analysls of the data from these
_hts is continuing.

ese activities, in space and in laboratories on earth, support the central aims of Space Biology
expressed in the following program goals:
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• Tt_rough r'_ ".. _;_:-ci_ : _r ".._C_."', !0 _,l'in(.! _ nu',_, dir,'h_,,!'.;:.:'r, ;) ou!" study of life,

thus contlii :'!inq ,J t!le d,:_;,',.:'7¢;"n_n:,t_,,., _._Fund_l_.,,_ _,_h,,_ itl Biology.

O To enhano.:, [_y v;rtuc of 'n's h;llc:" u_:d_..rstanding, the powers of pre-

dic![en un,;_ cc,nt_c:J in i!_c o_r.plied fic!d_ c.f m_.:dicine, agriculture, and

public heel',h,' a,_c; in env ii onr,,cr_tci I r r_ ,,_,_1.,t.. _r..m_n- _"o

Space Biology thus ..... e_:x,c ,_L_i_c sco,;_.oF r,vlronmental biology, by introducing organisms into

a totally new envlro_sn_eni, f_nd in so doing, providing a new level of generality.

Possible Future AcFi_ vcn,,:n_s

It is reasonable to c_nliciF.:io l[_at, _hrough thE: vigorous pursuit of" its goals, the Space Biology

Program will make unique r_n..'_suBsiuntial contributions of great value to mankind. Perhaps the
most signTficant future; acI_i:_vement to which the biological community may aspire during the
next two decades, and to which space biology will contribute_ is:

• The development of coherent and unifying theory in Biology.

f ,

At"

CONCEPT OF MANNED MODULE FOR PLANT SPECIMEN EXPERIMENT IN EARTH ORBIT

The most significant unifying theory in biology developed to date is Darwin's theory of
evolution, lt--togetherwith the cell theory, the germ theory of disease, and the theoretical

work in genetics -- has served as the broad flamework for modern biological and medical

research. This research, in turn, has revolutionized human life in a few generations. Marked

improvements in disease control, food productTon, and human life expectancy have occurred

through empirically developed knowledge from experimental programs grmunded in these
theoretical concepts.
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_w,_ i,in_::,c:If ,::,r,dc:avorcd 1o ]ncc, rporate gr_vitatlonal, consldcrations into t:,;_,:oqlcal t,_co;),-

;l,.,,,,,.si_,_.lati.o:_., of weiF1hllo.ssness,_, and lamc,_t(sd the Fact that ii woulcl never I_,._posslole"' to
_,:>,,_.ar_;;_nisms flora gravity. Thus, he felt lhat its influence could never be understood.
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CONCEP'FUAL ARRANGEMENT OF BIOLOGY LABORATORY IN A SPACE STATION

:e the day of the early biological theorists, theory in physical science and knowledge of
chemical processes have made major contributions to biology. Chemical activities in the

tube, however, differ greatly from the chemistry that occurs in the highly organized

cture of cells. Thus, the further development of generalizations that will be of predictive
_e in molecular biology require an understanding of the role of both cellular architecture

gravitational forces in living processes.

._-setting factors, such as the solar day and the lunar month, can be uniquely controlled
emovlng organisms from earth° Similarly, the gravitational force can be varied or

ctively eliminated. The availability of these new conditions for experimentation allows

) study the influence of time and gravity on multiple functions of single cells, and on
slar interactions in a wide spectrum of species° These experiments range from basic

ies on the growth of plants, to investigations into the subtle effects of altered gravity

Is and modified time cues on the orientation and long-term well-belng of higher animals.

in this sphere of research that space biology can make its most significant contributions.

Fundamental approach of Space Biology to the study of the essential nature of llfe will be

rtant in several ways. Not only will it search out the limits within which life can exist on

flights, other planets, or earth, but it should also lead Ioclically to the desl.qn ot: optimum

"onmentswhich will protect man or cure him from disease. It could lead to expansion of
"able regions for the expanding human population. Asa minimum, it will provide the

of insight required for better overall ma_agement of man_s habitat on earth.
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An important related bcneflt accruesfrom ll_e Spc_ceBic_lo:i;yPr_:q.r_tY.by virtue of the fact
that mostof the experhrlentsprcse_JtspuciaJc!-_ailengesin bior;ng]p_;erln,L_.Often, fl_ey require
entirely novel formsof technology, l'l,ishasstlmulated cooperation amongbiolc_gists,medical
specialistsand engineers, ctlanging tl_eir outlook and forcing lhcrn 1oprovide new typesof
equipment, ranging from special life-support s}'str;ntsto unusual ielemetry devices° Research
and developmeni in space biology ha\.e already provk_cd new b;otegica! applications and

technological discoveries of value to medicine, pLJbllc hu_alth, and agriculture. these
applications are the natural consequences of the rc.?_d arJ_,ances in this frul;ful field.

All of these prospective advances come at a time when the need for a more profound under-
standing of life processes is especially urgent. This urgency is seen in the current national

and world preoccupation with such biologic problems as a dwindling food supply, over-

population, dlsease, and the pollution of land, air and water. These problems all entail a

significant biological element and space biology may enter decisively into their solution.

The discoveries which can be expected either directly or indirectly from these endeavors thus

have the potential of radically transforming our lives and our environment for the betterment
O_ man o

Objectives

Three broad objectives, each concerned with certain aspects of the program goals, and each
embracing several specific near-term objectives, have been selected to serve as the implement-

ing focus for the Space Biology Program° The first of these broad objectives is:

I - To understand the role of gravity in life processes and the capability of
_>living organisms to adapt to gravitational changes.

Until we began conducting experiments in space, it was impossible to determine the fundamental

role of gravity in life processes° This was because a zero gravity envlronrnent could be simulated

only briefly on the earth. Recent evidence From biological experiments in space indicates that
weightlessness: (a) may lead to profound disturbances in cell division and chromosome integrity,

resulting in significant abnormal itlesi (b) increases the damage which would otherwise be suffered
from a given radiation exposure; and (c) produces significant alterations at the organ-system level,

especially in musculoskeletal and cardiovascular functions. The determination of whether gravity

has a significant role in cell division is crucial to our understanding of tissue growth and differen-
tiation. Application of this knowledge of weightlessness to problems of man in space and ¢ro areas

of medicine such as wound healing and cancer therapy, is beginning.

Within the context of this first broad objectivet a group of supporting specific objectives has

been identified as representing planned near-term accompllshments:

• Determine the effects of gravity on maintaining normal organization

and function in living cells.

Determine the gravity sensors of plants, the sensory thresholds for gravity,

and the role of gravity in growth_ development_ physiology, and behavior

of organisms.

7O
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UndersIcmd the c,ffects or: lhe functional n,ecl

occc:sioned by changes in levels of g_,_\'_;_'.

con.-'l broad objective of the Space Biology Program i: _, c_-_:,j :,:::_r_ r_i: '.I:.._{:]r:.l; its

zement will provide additional "missing links" wi:ich ',,.;!1 ! ' :_:; cl.;,..:_.r ._o an c_b;iity

elop a useful body of theory of llfe process_._s:

To understand the role of time in biology, includin(:, i_,_: :: ;: :;_ o_ firr_e-

varying environmental parameters on biological rh),',!_r..:, c, ' .j:ngo

_lly, all life processes are timed, and all timing extc:rnc_l t_, il ; orfi: _7_,nis se_, ultimately,
;mic events. Living organisms universally exhibit rhy_hm: c.i v;;.'it:_ i::_riods, r,t_ny of

correspond in frequency to so!ar day, lunar month, _nnu(_l, _:_:" olh,::r cycles. Endogenous
takers or "intrinsic clocks" in organisms are phased to envir,:::_,:',::nt_l cycles. These bio-

iI rhythms are essential to normal function. When organisms c:,:: isol_::l.::d from cyclic cues,

Is daily light-dark cycles, their rhythms will "free run" a1 ,_nquencles near normal.

er to understand this phenomenon, it is necessary to remove the orgc_nisms from the geo-
:al environment and observe the stability of the rhythms, bc, il_ "free running" and with

_ally imposed cyclic cues. Since the earth's geophysical environment is affected ina
ignificant way by its own motion and position relative to oth:r celestial bodies, experi-
must be carried out in eartt_ orbit, and away from both the cr._i'ih and the moon, as in

_round the sun. Since some rhythmlcities, such as tidal periods, are associated with the

ational fields of two or more bodies, it will be necessary to conduct biorhythm studies

weightlessness and under artifically-induced gravity.

_llowing specific objectives have been established in supporl of the second broad
•|ve: ")

D Determine the influence of earth and lunar environmental per_odiclt_es

in inducing and maintaining rhythms in living organisms.

Determine the role of b_ological rhythms in mainlaining normal organization
and life, and the contributions of innate and environmental factors to the

rhythmic mechanisms.

Determine how biochemical and physical reactions that control growth,

maturation_ and senescence are timed at the molecular level.

Determine the _nteractlon of time-dependent phenomena wZth gravity.

the first two broad objectives are concerned with gaining certain basic scientific

edge, the third broad objective looks toward the applications of such knowledge:

- To determine the potential applications and develop the techniques to ut_llze

new biological understanding, together with space technology to advance

biology_ medicine, agrlculture_ and space exploration.
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Tl_ealteration of k;ological processesby _n_,_i_u ", . _( _-_:_'_t_f tl,'> o:_,vlror,n;enf t_ct_.qrca! j'bfont]_'il

for appl [c_ltlon _o problclns :,uscepii!:_le 1.; L ;,.,logical :;,_l_.,._Ono Tile lime of c._!_,plical-ion of a

therapeutic treokmerlt rc!uiive to the, phasu of a p:_rfict lar '4:_orhyfhm_ or various corlihinatior_s

of heat and cold coupled with medicaiion or_ valL.,dble tecliniques fo_ promoting bent ficial

results in pest control, plant and Gnimal husl.andry, and tile lreatmerfl of disease° Further,
the ability of organisms to rnodlfy th.a environment so that is is more favorable for life is well
recognized. Examples include the formalion and enrichment of soils from rocks by' lower

plants and bocteria, and the production of our present 20 percent oxygen environment by

planfso Selected organisms n-lay exist orb_ produced to enhance human habitability on other
planets where udverse conditions now exist.

The use of space satellites and developments in telernetry offer new capabilities for the
scientific study of biology on the earth's surface. The Nimbus satellite has already made it

possible to track animals in remote locations. The potential future use of satellites includes

tracking economically important species of fish and other food source animals which will

improve the world's food supply and allow Better scientific management of plant and animal
food sources, environmental resources_ and control of the spread of disease.

The following specific objectives are representative of those around which space biology

projects may be formulated in support of the third broad objective:

Understand the mechanisms of and develop techniques which use zero or

variable gravity to produce and correct abnormal ities and to modify

functional mechanisms in organisms.

• Develop the use of space systems for tracking animals and studying animal
orientation, navigation, and migration.

Utilize the experimental techniques and capabilities developed in the
program to shorten the leadtime in solution of problems in biology and
medicine°

• Explore the potential uses of earth organisms to enhance human habltability
in space flight and in the environments of planetary or lunar surfaces.
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E SURVZVS

Surveys encompasses NASA's act i ]b in Earth Physics (including sateliite geodesy),

_rol,::2_y_ and Earth Resources Sup, The integrating factor among these, lhree program

is the focus upon understanding a: predicting the enviionrnent of man cn earth through
e of observatlon systems _n space :.hat work in conjurlct_ol_ wilh firound-basod receiving r

Jtation, and measurement systems. Currently, programs are belik'._ carrled out in the

separate areas without a major effort to in!egrafe them at lhe sys!urns level, either in

ace or ground segments. As technology and experience mature, however, it is likely
nique disciplinary functions will be handled not by dcdiccited hardware systems but by
_1ized ones°

,_y principle underlying the Earth Surveys effort is that of eventual useful application

1an needs of the scientific knowledge and operating syslems developed in pursuit of the
im goal. In summary form, this goal can be stated as follows:

Fo develop the aerospace technology and its application to the observation of
he earth and its environment for:

i The definition of the earth's gravitational field, geometry, surface

characteristlcst and dynamic body properties°

The understanding of the physics of the atmosphere, the prediction
of weather, and the establishment of a basis for weather modification
and climate control.

i The responsible management of the earth's resources and the human
environment.

le Future Achievements

,king toward the goal set out above with an aggressive investment of human, financial,

_nagement resources, it is belleved that wlthln the next fifteen years the Nation could

A global observation capabilil'y to continuously acquire information
on the conditions of the land, the oceans, and the atmosphere.

A sufficient understanding of the environment to develop comprehensive

models of the earth as a body, the conditions of its surface, the oceans,

and the atmosphere.

An ability to use these models and the contlnulng observational data

to predict resource and environmental conditions accurately and,
thereforet to be of use in the making of individual, group, national
and international decisions related to resources and environment.
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A level of exper_m.,:v_.tal_:;c_cl.'qr_.,I_,'...c_nd_x,.....,r._:_.nc._..._.uffic]entto perrn;t
weather madificat ion, cl ir_l:_,_con_,"r_l,r_ncino,rural resource rnanag_:m:_nt

on at least a hem_ r n_rlc _col_:_

The interactions of man wlfh his enviro:.menI, including earth resources, are crec_ting increas-.

ingly severe pressures bolh on man himself ¢_nd on the abili_ry of the earth's env;ronment and
resources to support him. More in_ormc:_ion about the envlroi_ment, about the impact it t,as

on man's activities and the reciprocal __ffecls of tho_ octivi._ies, has becorne a major need.

The problems of an ever-decreasing supply of m_terlal resources, potable water, food_ energy
sources, and fresh air are being compounded by populu_ion increases and the demands of a

technologically maturing world society. The quaiit), of the environment is suffering, and man
lacks the informational Basis for decisions concerning the conservation, modificafion_ or

exploitation of the resources upon which he depends for life.

Space technology applied within the context of a total system can provide the means for attack-

ing this problem. If sufficient effort is applied, the next 10 to 15 years will see the emergence
of an integrated capability to gather information on a global scale about the resources and

environment, to communicate this information rapidly and accurately to computer storage, and
to utilize the information to update interrelated physical models of the earth and its environment.

These computer-implemented earth science models are the key to accurate prediction of resource
and environmental conditions and to the understanding of the effects on those conditions that

man's activities may have°

Given a meaningful level of

predictability, man can act

upon, react to, or interact
with his environment in hTs

ow_ best present and future

interests° The technologies

for observation, model ling,
and data transfer are in hand

or under development; the
future achievements he can

project are the integration of
hardware, software, and com-

munlcations into an integrated
capability that can be termed

an environmental management

system.

OBSERVATION OF ENVIRONMENT WITH:

• Satellites • Aircraft

• Sounding Rockets • Ground StaHons

• Balloons • Bauys

COMMUNICATION OF DATA BY:

• Tracking & Data Acquls;tion Networks

• Data Relay Satellites

• Conventional Wire & Rad;o

MODEL UPDATE IN DATA CENTERS OF

• Atmosphere

• Dynamic and StuHc Earth

INFORMATION OUTPUT IN FORM OF:

• Global Forecasts

and Predictlons

RECIPIENTS FOR ACTION:

Public

• Personal Health

• Recreation

• Welfare

• Investment Decls[ons

• Oceans

• Earlh Surface Conditions

• Thematic Maps

• Early Warnings

National and

Commercial International

• Resource Exploltotion • Weather Modification

• Industrial PJann;ng and Climate Conlrot

• Water Management • Conservation

• Market and Transportation • National D_saster

Dec;slons Warning and Avoidance

• Resource Allocation

ENVIRONMENTALMANAGEMENTSYSTEM
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I in l!!_sd;rc :ir,_ ,, ::i_," -:,_,,.,.:_dlr,.ai_4 ufiart in all the f,o._r categ,_,ries noted earlier:
;tior'_ syster:_r., :.r.i_:;_iiii_ u,,_i,,;:._'m_h':f} a,:d nvk._lling, [,:_ .!i,':tlon r and envi_onmer:ial
_mc,'r:'.declslor_---rn<:_!:i_Ui i_<_.:,:..lc:_. Hues,': capablJities_ ii_ each of lhese ca;egories and

ead_ of the discipl ;,.':,s, t.i-,_,<, are a nuq-,L>erof achlevem,_:_4s that are valuable in
Ives.

bbservationo Aco:,olet: system forglc,bal observation of land, sea, and atmosphere

yet in being, but _;...... p._cc s,::_:r,ent of such a system has been demonstrated in

:elegy. Thc; comblr_,-._ion of ti_,_ aperafional ESgA saleJlil_!:s with the experimental
Js-cl:;sssatellitr_sc_Ir,_:Jy provic_asthe first step toward agioba! syslemo For weather

,ation, it is fel_ i-i_af ii_e t,_cr:l_t],que is proven and the impIc_rnentation is straightFor_vard.
t step is the lying tc,3_l_er ef ihls capability with meteorological information coming

iround-sounding stalior_s an_i scr;sor-equipped balloons, buoys, and other platforms°

or step in the development of a global earth survey system is the extension of the

_ations to include the surface of the land and oceans, as well as the atmosphere.
_ility and experime_fial value have been demonstrated in aircraft simulation and manned

mission experimenis. An ability to monitor thematically the status and changing features

; land and sea on a rapidly repeating cycle and for indefinite periods is achievable within

to five years. This capability would result in geologic photomaps of continent-sized

for geological resource studies with the Basic information being obtained by radar-equlpped
_ft and by satellites employing electronlc-return imagery (eog., Tb0 or possibly film return.

a capability would also provide thematic imagery for land use maps, indirect crop yield

_ates, and area measurements of water, snow, ice, vegetation types, and continuing
_ys of urban areas, cultural features, and transportation nets. It is expected that the

_! monitoring capaBilitles of the experimental Earth Resources Technology Satellite,

:bled for initial flight in 1972, will provide data with ground resolution on the order

)0 to 600 feet, with significant improvements coming over the next few years. At the
:time, precise altimeters and other space-based instruments can provide a preliminary

_urement and mon il o_ing capabil ity for sea characteristics.

Understanding. The significance of developing models of dynamic phenomena is that
model represents the level of understanding necessary to provide assurance that predictions

be accurate, that the effects of decisions can be tested in advance, and that progress

ard integrated systems is feasible. Even taken alone, this level of scientific understanding
he interactions of the environment would represent a new plateau of knowledge.

)rder to model the dynamics of earth, understand earth tides, measure polar motion in real

e, and define the real shape of the sea, there must be an earth reference system that does
assume fixed earth points or a stationary earth center of mass. A new world reference

tern reflecting the real earth rather than a hypothetical static earth will permit measurement

to 100 times more precise than possible today. The possibility of earthquake prediction,

tually "error-free" space tracking, and scientific earth modelling all depend upon such an
"tated reference° Economic values in the areas of navigation, ocean exploitation, and

rtography are foreseen but cannot be quantified at this time.

eight to twelve years it is expected that a number of comprehensive physical models could

developed. Included would be models of the atmosphere, the dynamic earth, sea surface

75



temperature, and spectral characteristics r_,fnu:_s._*'ous crops and vcgetutlv_ cover for var),i _.g
seasonal cof_dlt_ons, lhcrnode!swould!;e c_m'.>uterizcd and the data from the obsarvatior:._,l

system would be fed to lhe co,",louter so a;: ,_opr_vide a _.o,_i i,_uous descripiion and prdicfiva

capability of the physica! syslem involvcd. Current aciiviti_,.s inc!ude studies of srnall-sca)e

problems sub cct to modcl llng (Cog., Columbia River basin regiona! wa_er management).

O B_-ERVAT ION

UNDERSTAN DIN (_,

PREDICTION

MANAGEMENT/'MOD F CAT ON

IMMEDIA1 E NEXT FUTURE

Coqfinuaus thematic

monitor_rlg of the

land and sea ........................................ Conlinuing :mprovement

Definitive world

reference system ................................ Continuing improvement

Comprehensive
models of the

atmosphere, dynamic

Earth, oceans, and land ................ Continuing improvement

14-day weather

forecasts and long range

climate estimates ...................... Contlnu;ng improvement

Useful forecasts

of food production,

disasters, and notional

resources ovailabillty .............. Continuing improvement

Regional natural resources

management experiments

Hem_spherTc weather

modification experiments

PROJECTED RATE OF ACHIEVEMENT

Prediction. The availability of the global observation data and the associated computa-
tional models should allow a systematic prediction in several areas in the 1974-78 time period.

In the area of weather forecasting or prediction, the specific goal of accurate 14-day fore-

casting is considered achievable on a global scale in this time period. Substantial benefits

will accrue from such a capability. For example:

Advance warning of natural disasters (e.g., more effective storm and

flood warning).

More productive construction (e.g., optimum scheduling of the work

force, materials, and equipment at construction sites).

More efficient agriculture (e.g., savings from unnecessary reseeding,

irrigating, fertilizing or spraying operations, or from improved timing

of hay, grain, or fruit harvests).

• More efficient management of the routing and scheduling of air,

highway, and water traffic.

• Decreased spoilage of perishable commodities in transit or at terminal
facil ities.
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ile weather forecasrlng is projected to i:_-avai!ob!e o,, ,, _!_c,b_.ll,_slsv,'i:_,,a 14--dayir:ad
e in Ihe 1974-78 lime period, if is cxl,aclc.J that som_.-vi_Yin,..rcmodestf.,: _cas;ingof
th resourcesand cssoclatedgeophysical proccs:,r'swili l_" a_c_ild:,i_-in this lime period.
_eexamplesof these forecastsand an indication oI hc:,ub,.nefiis wiJl accr,Jeare as follows:

• Seatemperaturepredictions coupled with appropr;ufe corr_munications
will be usedfor the planning of f_shing op,_'.ratlon:.

® Sea state predictions will further enhance the u:,cfuln.::ss of weather

predictions in ship routings.

• Crop yield predictions will enhance the planning for distribution
and marketing of food products.

• Forage availability estimates will help grazing planning.

• Prediction of water run-off, based in part on snow measurements, will

improve flood control.

Management. The major Benefits of an earth survey system will ultimately be derived
n our ability to utilize the information and predictions for the most efficlent modification

)ur environment and management of our resources. In the 1978-82 time period, preliminary

)sshould havebeen taken in this area. If is expected that initial hemispheric scale weather

lificatlon experiments will be carried out during this time. Such experlmentswill bea

essary step in learning how to manage the total climatic environment. In the area of water
>urces, a demonstrative experiment might be conducted based on the predicted availability

rater in a given region, the prediction Being based, in part, on the extent and content of
changing snow cover. The experiment could take the form of planning the allocation of

er between irrigation and electric power usages based on predictions derived in large

_sure from space observations.

jectives

_ttacklng the dual problem of understanding the natural environment and of applying that

.wledge to the better management of human affairs, the programmatic activities of NASA
nk down into three related but currently separate activities: Earth Physics, Meteorology,

Earth Resources Surveys. The objectives of each of these activities are selected steps

ard the broad goal of developing and applying aerospace technology for the benefit of
_kind; at the same time they represent direct contributions to positions of value achievable

ing the next decade and a half.

Earth Physics. The recent and current focus of this discipline has been the National
odetlc Satellite Program (NGSP), in which NASA provides the satellites and the Defense

>artment, the Coast and Geodetic Survey, and other Tnstitutions make observations and

_surements from ground-based instrumentation. The key data being sought are a geometric

gra-zltational description of the whole earth that will permit accurate positioning of
:ace features in relation to each other and an understanding of the gravity field's effect

orbiting bodies. The future focus of the activity will be to expand and refine our
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descriptive c.:q)abillfy in a s,H of s<;fi,;._nli:_i s,,_;.,s-in order to F_ovide, First: a n_::w world
reference Gr,d secoi_d, an efr'.Pclive mt;d{._l o_"t'_1c;solid b_-t octive ear!h. One of our [,road

objectives , then, is to:

] - Provide a precise and accurate geometric description of the earth's surface.

This implies, first, meeting the NGSP commitment of developing a unified world datum Based
on observations of the Geos class of satelli|{_:. Extension of this geodetic control to the

coastal and, eventually, deep oceall areas wouid Jar, Iv developing more precise measurements,

probably Based on laser tracking, to overcome the problem of unstable seaborne platforms.
Another aspect of earth geometry is the need to derive very accurate relative positions of

tracking stations, especially {:or deep-space, and planelary missions where precise trajectories

must be achleved through midcourseand terminal corrections. The more immediate specific

objectives therefore are to:

• By 1972, develop a Unified World Datum (UWD) accurate to + 10 meters
in an earth-centered coordinate system, including all major datum blocks.

As a contribution to ocean exploration and survey, develop space techniques

to extend geodetic control, with an accuracy of + 10 meters, to the continental

shelf and deep ocean areas.

• Locate earth satellite tracking stations within +5 meters with respect to
each other on the UWD.

By mid-1971, position deep space tracking stations on the earth's surface
to within + 0.5 meter with respect i'o the earth's spin axis and to within

+ 1 meter in absolute longitude.

Another broad objective is to:

2 - Provide a precise and accurate mathematical description of the earth's gravitational
field.

This objective, taken together with the preceding one, implies the development of a first-order
static model of the earth. Since the gravitational field is not uniform, it is necessary first to

"map" it; this can be done by ground observation of the orbital perturbations of satellites. An
accurate description of the gravitational field can be used to predict satellite positions up to
24 hours in advance. Such information would reduce tracking requirements of satellites in

orbit and would permit better interpretation of scientific data that are sensitive to knowing
the instrument location in space. Thespecific objectives currently being pursued are to:

By 1972, provide a mathematical description of the earth's gravitational

field by means of an expansion to the 15th order and degree of the spherical
harmonic coefficient with an overall accuracy of + 3 mgal.

Test the available earth gravitational models (e.g., Smithsonlan

Astrophysical Observatory - 1966 Model, Naval Weapons Laboratory

Models 9 and 5E) for adequacy in satellite prediction computations.
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Ic:_:_,_,-; c.',.:i ..: ive i_,k_ti_,Phy._io_:c,=nu_il_.,,_hemr,jo.rel_..m.,,' "_,sof future program ac:ii,,'it/:

I - Dc:t_:L_i:,_; i:_ .... ,,'ari_.,:ions of the geon,elry of |he c_cean surface, the solid earth,

tt_ ri_oviiv _:i.:kt, cm:J o_,i_er oaophyslcal parameters.

s objeclive ]ri,i,l ]_.s an e:4iens]on from the static, or time-invarlant, earth model mentioned

lier too truc i_._4!cl of ihn active earth. The oceans are known to have "highs" and "lows, _'
]to "tili _' f:ou_ c,n_ consi' loanother. At the same tirne_ the actual ocean surface is in con-

:_ tidal ::_c,tio'._, m. is tf_c. "solid:' earth. In addition, the continents appear to be drifting

_vly relc_tive to t',;e earth's inantle, and slow shifts occur along geological faults. The motion
the F=._lnsand tl_c rolaticrd_ip of this motion _o earthquakes has not been fully investigated.

means for ahocking fh:.s._: and related questions include drag-free satellites, precise satellite

imeters, firour:.z!.-ba_ed observations of the moon and radio stars, and the development of math-

atical lechniquusond concepts for developing dynamic models of the earth° Some of the

,cific objectives u_e 1o:

Demonslrate the feasibility of satellite radar altimetry to determine the
distance flom the ocean's surface to the earth's center.

Develop the overall systems capability to use satellite altimetry to determine

the mean height variations of the ocean's surface to + 1 meter.

Develop the space techniques to measure the earth's rotational period in
Universal Time to an accuracy of one part in 109 and to measure motions

of earth's spin axis (pole) to within & 0.2 meter.

• Develop space techniques for measurement of earth surface motions of-± 10 cm.

i.f ........

UNIFIED WORLD DATUM

CO_PLET£

IN PROGR[SS .............
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/d.eteoio!cgy. "ll_c_ NASA Meteorolc,_:,, ploL_rr_,:l [_'t;c._l in !_)59 witil lhe tr._ms{_._ro{ ;h::
................... - i i

Tiros project from ihe Dupartm_.nt of Defense. "i'iros te!c\,Isea thc _ first pictures of lhe ear!n's
cloud cove:" from above llle ain_'_spil,_re in 1_60; improvud v_;i.i{,_.:, have been dcvu.'loped and

have been tl_e Basis of the ESSA operationa! meteorological saieJlitesystomsince 1966. ESSA

satelliics now routinely provide global weather pictures every day, and au_omalic readout of

local cloud photography is provided continuously to around stations all over the world. NASA

improves, builds, and launches thuse operational saiclli_es for the Department of Commerce.
Continuing research in meteorology from sf-,ace is supported by sounding rockets and NASA

research and development satellites. One of these is Nimbus, a large stabilized medium--

altitude observalory carrying a variety of measuring instrumer, ts. Another is the Applications

Technology Satellite, a high altitude platform from which the weather ac_ivlty over the entire
sunlit half of the earth can be obserw._l in near-real time° The NASA Meteorology Program

has two parallel lines of activity° One is research in instrumentation and systems that can
lead to a scientific understanding of the total weather process, and the o_her is development

and test of systems for operational use by meteorologists in forecasting and, eventually_

modifying weather conditions° These activities lead to the first major objective which is:

1 - Observe on a global scale the composition, structure and energetics of

the atmosphere to understand atmospheric interactions: (1)within the

atmosphere; (2) in response to solar inputs; and (3) at the air-earth
surface interface; and establish a basis for experiments in control of the
weather.

The end sought is a working knowledge of how the weather is affected by external and internal

forces so that an accurate model can be developed° Continued refinement of the level of

understanding based on greater precision and sophistication of observation and measurement

techniques is implied. Not until an acceptable world weather model has been developed can
the fiFst basic experiments in large-scale weather modification and climate control be considered.

The level of scientific understanding sought in considering such modelling is illustrated by the

tel lowing spec ific ob jective:

Conduct atmosphere measurements on a global scale to establish

quantitative models of atmospheric structure, composition, and
physical and chemical processes, including energy transfer by
means of radiation, convection, and the fluxes of latent and

sensible heat and of potential and kinetic energy.

Global measurements of the following are necessary:

Air density ranging in accuracy from + 0.2 percent

near the surface to + 2 percent at the mesopause.

The presence and distribution of such minor constituents

as water vapor, ozone, atomic oxygen t and nitric oxide
in the stratosphere and mesosphere in mixing ratios of

about one part per million.

- Radiation fluxes (short-wave and long-wave) through

the atmosphere to accuracies of + 1 percent.
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- Seasurface tetnperafurusto accuraciesof :':.i°C.

- Distinction between ice clouds_nd water clouJs.

- The liquid water content of clouds in rclat_v_ amr_unts
of about 10 steps.

Observation of the Followlng relai_o_ships are necessary:

- Between radiation from space and both atmospheric temperalure

and composition.

- Between sea surface temperature, cloudiness, water vapor
distribution, and the windfleld.

- Between the sea state and windfieldo

- Between the windfields at various levels in the troposphere,

stratosphere, and mesosphereo

t

AP1 CAM_'RAS /-" . i

DAYTIME LOCAL _- ..... " _

CLOUD CO_,' ER

SCANNING RADtOM E1-ERS

LOCAL AND GLOBAL --"__"

CLOUD COVER .....

DAY AND NIGH] ' '

'_ X AVCS CAMi_b'\S

DAYI IME GL.OBAt.

Ct (.)UD C0%" EP

FLAT PLAIE RADIC'MLI ERS

GLOBAL HEAT BALANCE

ADVANCED OPERATIONAL METEOROLOGICAL SATELLITE
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The next group of mc_jorobjecl[v_s in the M_._c_or,_l.:;_/ P_o_3:c,rn def.:Is with iX_A'.:_A's t(:spc:._,_ibiliiie,_
to the operational ospec:l of rn;?leoro]ogy in fern, s oJ i,_,trumanls _":d sys_rems f(_ short- c_nd !on_#-

term fore.casting. Ti_ese are to:

Develop a remote sensing capability for determining globally lhe vertical
structure of the atmosphere which, when suppTemented by conventional

observational _echniques, will provide the dala required for large-scale_

long-term weather forer.asts.

w Develop and establish a system for continuous observation of weather
features so that such observations can be applied to short-term weather

forecasting.

4- Continue developmental support to operational meteorological satellite

systems o

Taken together, these require a number of specTfic developments in support of ESSA, first for

experimental and then for operational use. The specific objectives are:

Develop advanced sensors for use near earth and at geostationary

altitude to determine atmospheric pressure or density to + 0.2 percent.

vertical temperature and wind profiles to + 1°C and +3 meters per

second, respectively, and such characteristics as convection, sea
state and surface temperature.

Develop the technology and systems required to support data gathering
experiments involved in the Global Atmospheric Research Program (GARP).

This requires orbital tests of techniques for measurement of temperature

profiles in the troposphere and lower stratosphere and for wind measurements

in the lower and upper troposphere.

Develop a prototype operational geostationary meteorological satellite

based on proven technology derived from ATS, Syncom, Nimbus, and
Tiroso

• Based on research program observations, apply appropriate temperature

sounding instruments to operational meteorological satellites.

The last area of meteorological activity is directed to specific support of space and
aeronautical flight activities. Both design and operations of aerospace vehicles today

are hampered by the absence of adequate information on the atmospheric forces which
interact with the vehicle.

Well-known examples of airplane and space vehicle meteorological problems are the structural

loads and guidance and control requirements which arise from the strong and variable winds

and shears existing throughout the troposphere; the wind loads induced by both the steady-state

and turbulent velocity components while a space vehicle is on the launch pad, particularly
while it might be in the unsupported condition just prior to launch; departures in atmospheric
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_ty r ]eH,per_fule r and presst;_.,._ [rL, m i_,:.-t:_ _.'_ ,>_ ,._:-r,v, _ ,. .....

,e vehicle trajectories; and lh,:, po.,. ;i_;'_:_v,4,i, i{_ di:.i,.,, :,i c_,: : .... , f,. ;,u, .',i :_,'iac_or 7

tostronq, and unexpected v,,h_ds ar slc_,.,;_., c'_'i_;d_... _. ',_::_' r,, ':'.:,r_ I._. :_,i i:_,.'sl,_rns a!:.a

,.-'jnized are electricai dlscharq_:s ,viii, h m%., icnd to i. nit!a:, _._ ,--<pl ::.si, ,: , ,'_f c:,,.{,_L,,Jstibles,

_technics, or fuels; excessive kumidil 7 laadir;_ to unc::.j-_ctc:i :n,sist,,,,: ,:: so:ption and
_kdown of insulating ,,-naterials; ard possible aiihorr, e ,o,l pclti:'l._s or n!i_(:r corrosive

nenfs. The reentry trajectory r reenY!>, J,eating histor;'_ a,"d con'm,.nicc1ionsduiing return

lanned or instrumented capsules from space missions o_e highly d,_pencl:::nl on atrnospheric

slty. Finally, the impact poin', and landing Qng recovery op,,:r,utions are influenced by
ds, sea state and Ioca! "weather" ccnJitions_ Based on these p, oblems tt_are is an
,;ct;ve to:

• Develop meteorological technology to support aeronauliccI and space

systems design, testingr and operations.

The specific activity being considered in this area is:

Develop instruments and techniques that will permit determination of

discrete and statlstically significant models of winds, temperature, and

gusts for high-altitude aircraft and space vehicle design, and to measure

small-scale phenomena required for world-wlde flight operations.
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Accuracy' _: meCZSLJi,:;i_,r'rLf_ ", sou:L_ht r._re t

Winds: .!_0.5 meier per second vector erf,_rat iho su_,'ace; J_0.5 meter per second

vector error avr_:ra:.3c:dovur 25-_ncler lcT,:_,r,_b_twcen 150 meters and 20 kilometers;

+ 3 meters per second ve.;lor errol over,'_'_j_d over 500-.meter layers between 20 and
100 kilometers.

Density: .L1 per_;ent up 1o 301<[!omelersc_nd +3 percent between 30 and I00
kilomelers.

Temperature: ±. Ioc

Pressure: Consistent with density requirements.

Relative humidity: + 5 percent up to 20 kilometers.

Earth Resources Survey. This represents one of the newest spaceapplicatlonactivitles
withln_the Earth Surveys Program. It has evolved as an outgrowth of aircraft remote sensing

capabilities long in use by commercial and governmental institutions. By extending the range

of sensors to permit observations from space, the area coverage on each pass is vastly increased.

Thus, space platforms passing continually over the whole surface of the earth provide a unique

opportunity for monitoring surface phenomena. It is felt that, in such areas as forestry,
agriculture, geology, geography, oceanology, and hydrology, observations of the earth
from space will make significant contributions.

SCAI l [ k(3;.' :_l! ;

EARTH RESOURCES SURVEY AIRCRAFT
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;c', NASA has relied ]ar.3cly uv.or_ alrc.l_f! pl<_if,.:,_;__,for :_.*:r.or '., ,ii_"_l and si;-!r,atu!e

ninatk_n, with space-acqui:,_d d..¢'.; bc_r,..-_,lirni!_ ,i lo _!. i ]i!_il '_ i,_!.._:n d,., i_:!i rearmed
ms and low-resolution images flc, rn sensors c_n ns:.i_-oro!,::_c_l :.'.,,.*.[:i :s,, ]I First

ated c_>.-perimental Earth P,esoulc_s Survey Techna)oO7 !_ i,_!!i',,:. "_;:[S) is...ci,,.:duled
in 1972 with a multispectrat earth sensin,j payl.'.,S,do /_.rj ir.q_;,i.,ni, spear of this

am is lhe emphasis an involving tile ultimal-e us_;rs of ,_c,_f'n r.'.:_nL_:_.c.sdale _:; _arly as
! C" I ,);e in lhe research anc_ c_eve,osrnenf phr_s.;:s of the F'_'c:."];"J:'",. ._ c,_ i;wo_,_,-nenl is

ssary to ensure that the ability :o use su,q_ space c::pobi][! ics g:-,s,_'.,sr_ a rote approprlate
r development of the capabilifi'_,.s themselves. "Ihus, v,,',;ii,: ai,,_::.,.! r;l eventual operational

s on a par with space meteorology and sk',._ce co:_n,unic_,ti.':_s, _!,:: f!arll_ Ec.sources effort

_rises a large element of continuing scie,tific rascarcl_ c_swell c,:_d,..'veloF_cnt. Therefore,

_or objective is to:

- Determine the performance of remote sensors in iclenlifying earth resources,

and establish signature recognition criteria,

represents a continuing effort to understand what surface conditions can be unambiguously

riminated by the various types of remote sensors, considering sp:slial, spectral, and temporal

ature characteristics. Sensor calibration of this type requires dare From space, in addition

_easurements in the laboratory, to establish a baseline° Specifically, then, the first steps
to:

Obtain a multlspectral record of earth features from space over a period
of several seasons at ground resolutions of 300 to 600 feet.

Identify the distinguishing spectral, spatial, and temporal characteristics

of significant earth features utilizing remo/e sensing from aircraft,

spacecraft_ and in the laboratory.
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i

THE ENVIRONMENT OF MAN

The next class of objectives covers that area of work leading toward operational earth survey
systems. It is envisioned that future operational systems will make complementary use of

spacecraft, aircraft, and ground-based sensors. The spacecraft in an operational system could

range from small, single-purpose spacecraft to very complex multifunctlonal systems incorpora-

ting meleorological and other discipllnary instruments. Nevertheless, it is too early to define
the character of an earth survey system and its operational satellites at this time. It is hoped

that the early experimental ERTS missions will provide data of direct utillty to several users,

although it is likely that many potential high return applications will also require data from

instrumented aircraft and ground sensors. For example, a major source of environmental infor-
mal'ion will probably be unattended ground-bas_ sensors such as stream flow and ocean temper-
ature gauges that can be interrogated by satellites. The next steps in moving toward operational
systems are, therefore, to:

2 - Develop sensors, subsystems, and experimental spacecraft for application
to future operationaJ earth survey systems.

The specific areas that can be attacked now within this framework are to:

• Define _he characteristics and capabilities of earth resources satellltes that

will follow the early ERTS missions°

• Develop operational prototypes of space-qualified remote sensors, including

active and passive microwave and thermal infrared imagers.
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Develop operal io!_al protofype._, oF rerno[,:;_ s._.nsors Io b<: ,_'-ii i.:cd r;1_
aircraft.

Develop methods for using data collected florn eal:h-bc_,_.:] l"_lcH_:_,,s0

Determine the manner in which manned space sys:_ms ¢,.:n be utilized

effectively for e.arth resources survey work.

I
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SPACE AIDS TO SOLUTION OF ENVIRONMENTAL PROBLEMS
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Looking further into the future, it is clear that the satellite, aircraft, and ground-sensor systems
represent only one element in a very complex structure of data gathering and information
distribution functions. There must be a careful assessment and trade-off evaluation made between

the cost and productivity of each part of the total system, reflecting an understanding of the
alternatives available. At the same time, since space platforms are considered to be a necessary

part of eventual operational systems, it is clear that the amount of data that can be accumulated

is very large; its translation _nto useful information and subsequent timely dissemination to those
who need it to make informed decisions represents a major area of research and development

activity. Two significant objectives, therefore, are to:

3 - Determine the capabilities, characteristics, and elements of an operational

user-orlented earth resources survey system including ground, airborne, and

space components.
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r
Grid Poll,_:.!is _e.;r c_i:-,Ii;t i,

:pl"i t:rolrt fh,;_ acqtJiSit[on oP remole sorlsor c!at(:i

_.y a user ',o a s!;x_'cific F-":_!-.tem; develop t,;chnlques
,,_g and ufili._ation,

Spc:,'.[_i;; ect[,li_-;os c<._n })eur" i, .!e!:en now within the state of current knowledge and using
data i:.m cu:'._:,[ pro_3rc;mSo These first step-; condition rhe rare at which the vernalnder can
be F,:,:.:;o.:J, : i,.-'i.'nlly in fhearea ot:data handlirLq and information distribution. As the next

steps :i,c.r_r 7! 7:-.]rnpo_lo. r4 to:

_.: i),:'iur:r_rce the relative capabilities of remote sensing from aircraft and
SDO r:c,_" _L ,,;:-_

/@'.k,_ comparative estimates of expected benefits and costs for spacecraft-
assL._e_,, aircraft-assisted, and integrated earth resources information

systems o

Ccn,:luct data utilization experiments (e.g., for land use classification, and

for s,iow cover/water run-off and ocean-temperature/flshlng correlations)
employing observations Prom earth resources spacecraft, advanced

mefc.erotoglcal satellites, and manned space flight missions.

¢, Assist user agencies in the development of acceptable and effective user
decision models°

o Develop a data processing and distribution system adequate for the conduct

of initial data utillzation experiments.

li Develop an advanced data system capable of on-board data recognition

and compression and including possible use of data relay satellites for
trar|smission of earth resources data,
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rnunlcallonsand Navigal_on are two very important ];fclin_,. of ci,'i!i:,a!;.;r;. Ovnr lh_
's, man has found it necessary fo continually improve end i_::r,_c'.;,:: i1_r. c_.,::_:.Yiy of [-:olh

:tions to meet the needs oflruvel and commerce, lmHrovc_,_q; c:[_.,,,.,:,;_,!iii.:_ in f',_:'sc areas

received growing emp}_asls during the past hclf cenltJr_, v,,;i;_ _i_e _( ;-_ i_..:_.... ;e in commerce

.,een ocean-separated continents. Hard lines for comm,.;n_c.:;io,,, _ :..i_,:_:_,:,;,_-!yrr,rl;n_nlned,

e become saturated. Present-day navlgational aids can.,,o1 _:_t a;l-.'/,_u;i,_::, hi_jh _ccuracy

_irements of heavy traffic on the sea and in the air.

space program has provided methods for expanding cmd ;my,'ovin S, _,_t;on_:_t _-:nd international
_munications. Primary effort has been directed toward imr;iovsn_erd ofpoi{,_--fo--point

_munication with passive and active sateitlte techniques, t::as:ive syslemswcre invcstlgated

launching Echo I in 1960 and Echo II in 1964. Active systemde_,:!c, gm_nf began in 1962

h the launching o[ the low orbiting Telstar and Relay, which prov__:d lhe fer._sibility of using
ive communication satellites. A base for present-day comrnerclal :,pace con_rnunieatlonswas

_blished in 1963 by launching Syncom intoa synchronous orbit. Since then, Comsat Corpora-

n and the Department of Defense have placed several satelliles into synchronous and near-
:chronous orbits for operational use.

Navigation, two concepts involving different capabilities of space systernr_: hc:ve been studied.

results of these studies hove indicated the feasibility of utilizing :_atsllite.s to provide
3roved navigation. In addition, experiments have been flight tested on scveral of the

plications Technology Satellites, the results of which will be most useful in the design of an

perimental navigation satellite. The Department of Defense Trans11 so_ellite system has

monstrated feasibility of satellite navigation systems, although Transit is a highly specialized
,tern.

e current program includes satellites to test and demonstrate technology applicable to
.mmunlcatlons, space broadcasting, data relay, data collection, and navigation and traffic

,ntrol. The primary research and development effort utilizes the Applications Technology
Itellite in synchronous orbit° This work also involves development of spacecraft suBsystems

peclally tdilored for application satellite requirements. The program includes the improve-

_nt of frequency utilizatlon by investigating the potential of using other frequency bands and
-investigatlng means for reducing interference. Based on information developed from this

•ogram, consultation is provided to meet national and international needs°

,oa Is

lith these program actlvlties as a polnt of departure, the followlng goals have been established
_r cummunicatlons, navigation, and traffic control:

To facilltate the applicatlon of satellite and space technology to communi-
cations needs, nationally and internationally, and to the need for data

collection from earth-bound, airborne, and space vehicles.

To facilitate the app!icatlon of satelllte systems and space technolog 7 for

the improvement of terrestrlal, air, and space vehicle navigation and traffic
control.
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Possible Future Achiovements

It is technically Feasible for the Nation th;ou,_h aggr_sslve pursuit of the abovc goals to achieve

by the mid-198G's widespread routine use of seleltites to provide tile foilowlng communications
and navigation services:

Good quality, dependable, flexible communications from anywhere on land,
at sea, in a_r, or in space to any part of the earth°

The capability for communication with ihe entire population of large areas

for purposes of educational, informational, cultural, and other national

purposes°

Efficient collection of data from and the tracking of earth based, airborne,

or space vehicles°

Safer and more comfortable air and sea travel by providing an improved

navigation and traffic surveillance capability, along with the ability to
communicate environmental information and forecasts while en route.

Two sets of values result fl'om these achievements. One is a set of broad and general benefits;

the other set of values is related more directly to the individual services provided.

l'he broad and general benefits that will result from these achievements are:

The promotion of United States leadership and prestige through new and
improved communications and navigation capabilities by generating inter-

national cooperative programs, demonstrating the practical use of space for

the benefit of mankind, and establishing frequency allocations and system
sta nda rds °

An improvement of the United States balance of payments posture by
creating new foreign markets for United States equipment used for fixed,

mobile, aeronautical, and maritime space applications; minimizing or

eliminating the need for foreign sites to provide space communication and
tracking support; and developing a demand for consultation and training

by United States industrial firms.

Improved domestic communications for commerce, education, and enter-

ta|nment; increased safety through improved navigation and traffic control;
and more and better resource knowledge gained from collection of resource
data not now available.
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ihe specific benefits that coin be realized from lhe tl°J{cP.':_ c:.:m_L{_,i_._',:..:_::: ,,,.!,;_:,_[::.:,_Ls
include:

Using broadcast satellites, education can i:,e occelcr::f;:;d b), ,h.:_:.-..,_ii!:,:g

courses, not otherwise available, to rural (_;,d olh,'_ :?:::rs_. !y E.,,:__i.,,l_Icd

areas. Shortages of teachers with particul_:rs!:[tls r:_:_uld _,I:o bec:!l.:vi_ffed

and unique teachings of specific prMessors could k:: mode ,,,;.';_!y (_,c:]l_ble.

More rapid and effective communications could tx; provid{ _! to c:,:,,l,.-r_te

industrialization of less developed countries end t'; reduce ;heir _! ,::r,:'ence

on foreign communication "hubs," thus providing t}_:,rn v,i_h a gi,_,,t:::r

degree of independence.

Entertainment, news, and advice during emergencies can L_r-:prox,'id._.:d to

remote areas by broadcast satellites° This type ot: service would ci_;o be

available to separated segments ot: the populace of underdeveloped
countries.

Libraries and other centers of knowledge could be made widely acc_:ssible
via satellite communications. Thus, the resources, capabilities, and

expertise of such institutions could be made available for entire popula-

tions to use and enjoy.

In the area of Navigation and Traffic Control, the following benefits can be realized:

Operating costs of commercial transportation systems can be reduced due

to improved efficiency of operations through more direct routing end

higher density traffic patterns. Also, property and equipment losses can

be avoided by using satellite posltion-fixes and satellite observation data
to avoid storm areas and aircraft or ship collisions. This latter benefit

also adds to the comfort and safety of the passengers aboard the commercial
carriers.

The higher traffic density permitted through the use of a navigation

satellite system would permit substantially more traffic to use existing
oceanic shipping and air lanes. The increases in traffic thus permitted
would forestall the need to establish and use longer oceanic lanes to

accommodate projected future increases in traffic.

In case of accidents in oceanic or other remote areas, search and rescue

activities can be carried on more effectively and emergency aid provided

more quickly through the use of a satellite system that can accurately
pinpoint accident locations and provide effective communications with
them.
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COMMUNICATIONS FOR AN EVER EXPANDING WORLD

Benefits which can accrue through use of a Data Relay system are:

Reductions could be made in data acquisition and tracking costs by closing or
reducing operation of present tracking and dataacqu_sition stations. There
would also be a reduced need for constructing and operating new ground

stations to meet future requirements for Tracking and Data Acqu_sltlon
(1"&DA) coverage° A prime example would be full-orbit T&DA support for

a manned polar orbit mission.

Continuous contact could be maintained with spacecraft. Some missions

today, due to the particular orbit and limited number of ground stations,

are in contact as little as 20 percent of the time. Control of spacecraft such
as the Orb_tlng Astronomical Observatory could be lost by a break in con-

tinuous tracking.

Increases in data readout capability would be possible. Present data read-

out capability is limited by the data storage capacity on the spacecraft and

by the limited capability of certain ground stations to handle very rapid
readout of data while the satellite is within view.

Tracking accuracy would be improved because of the nearly continuous
information available on the satellite's orbit.

There could be concomitant reductions in cost arid increases in lifetime of

satellite systems. Not only could recorders be eliminated from satellites, thus

reducing costs and increasing payload; but by elimination of such equipment
a spacecraft would not become disabled by a recorder failure as is the case today.
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ose benefits that can be realized from a space system for cc;lleciing data are:

The ability to gather data leading to: New ar,.d br._t,.ar glob,'._l models of the

earth's environment; better knowledge on migration of wildi;f¢; better

information on hydrological conditions such as water and/or snow level.

The ability to reduce data acquisition costs and time. Methods currently

used include the employment of many men to visit and record conditions
at particular remote locations which results in manpower costs requires a
considerable amount of time.

_jectives

order to realize these benefits, specific technology must be developed. Users must learn to
_pt to a vast enhancement of data, long desired and now available. Also, the data handling

] operating characteristics of the system must be such that they perrnlt a smooth integration

h communication and navigation systems currently in use.

.'se and other significant factors have led to Four broad objectives:

I - 1"o develop and demonstrate satellite systems and spacec_al:t technology

applicable to space communications needs.

s objective implies a broad and diversified spectrum of spacecraft and systems developments

_eet needs in areas such as space broadcasting, fulfilling special educational and informa-

_al needs, providing a data relay and tracking function For other space missions, and applying
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CONCEPTS OF FUTURE USES FOR DATA RFLAY SAIELLITFS

satellites to the collection of data from fixed and moving pla;fo_rnSo Such systems will involve

the development of technology required to perform thcse serv;ces via satellites, the analysis of

cost-benefits derived from the use of the satellite service, and analysis of the interface between
the satellite system and the conventional ground system performing similar services. NASA's

role in these different applications will vary depending on the requirements, capabilities, and

management roles of the users.

Based'on particular communication applications, the Following specific obiectives have been
establ ished:

Develop technology for both a flexible demand assignment multiple access
system and a random access system aimed at data collection.

Develop the application of space technology to meet unique educational
and informational needs of individual professions and public services.

Develop the space technology of high radio-frequency power output for the
educational/instructional broadcast application.

Develop the space technology for the controlled illumination of desired

areas of the earth (to provide space antennas with shaped patterns, e.g.,

major beam dimensions of up to 7 degrees and minor beam dimensions as
small as 1/10th degree).

Develop analytical models to define the electromagnetic environment and

perform experiments to measure indigenous noise affecting design of
satel lite systems.

• Develop technology for generating and pointing multiple independent beams

of RF energy From spacecraft.
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• Develop the capabilitylo establish an indcpend_:,_t we, _:..v,ld_ t,_ i;,,,,_

data acquls_tion satellitc_ system to support nea_-_._:ih sc_i:;llit_ f_i _:_._,s.

Determine the feasibilit/, practica[;_llty, and desi_ab;lily of L_sir._',

satellites to assist in frocking and data c_cquisi!;on for iu,_,r._ mi _:._:,o,_,_a..n_'

planetary missions°

o Develop the frechnology for maximizing the comrnunlcatlon u:e of the

synchronous orbito

Develop satellite syslems for the collection of data from a variety of flxc:r!

and moving sensors contributing to terrestrial and environmental ol>servalion
and measurement.

th ship and airplane traffic has increased considerably during the last decade° The require-
_nis far control and direction of th}s traffic have increased accordingly. Such t_affic over

ean routes experience difficulty due to the inaccuracies in present-day navlga_ion and

sitionfixing techniques. The situation in the Future will become more aggravated since

:eable increases in traffic are predicted for the Future. Consequently, the growing need for
curate position fixing of aircraft and sh_ps; which is necessary for safety, proper routing_ and

,st-benefits; leads to the next broad objective:

2 - Develop and demonstrate satellite systems and spacecraft technology applicable

to space navigation and traffic control needs.

I

REQUIREMENTS OF NAVIGATION�TRAFFIC CONTROL SATELLITE SYSTEM
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This broad obj-cclive irnpilcs a progralr, of de,.,eloi_ir.g sp..:_c<:crcift ,,_ld systc:ms technology to

accommodate a number of differen_ requilcmcnts i,:_sd:,_:! to in_,.:,o',ed navi.c!-,tion and traffic

control_ The sysiemsmust be copableofa!lo',v;,_,_ n._vlgaic._sofli_e vehlctcs toc_JcuJate their
own courses anJ positions as well as trc:r_sm_t thls infrsrmai]on to control centals on the ground.

It is also neccssa D, that the system provic!e ;nForma;ior_ to the navi!]alors on storms and ocean

surface condition,s of importance. The sl,r.c;fic r_l,ject;\,es necessary/ to meet these requirements
a_'e:

• Determlne the utility of satellite systems to meet the oceanic aircraft

and ship navigation and traffic con!rol needs.

• Develop satellite navigation techniques which can fix 1he position atr
aircraft and ships to 0.5 nautical mile.

• Provide a navigation accuracy to over-ocean aircraft which will allow
maximum lateral separation as low as 30 nautical miles.

• Determine the effect of propagation anomalies (i.e., multipath reflection)
on the accuracy of satellite navigation systems.

• Develop satellite-aided aircraft collision avoidance concepts.

• Develop aircraft and ship to satellite automatic digital data transfer concepts.

• Provide technology leading to navigation and traffic control equipment that
-" is of low cost to the user.

CONCEPT OF DIRECT IV BROADCAST VIA SATELLITE
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.r. these systems b,':come r;_, ._qti,'_,'_! ]r_ ;i-,u i,._;ure., ',l_c' ,.*,i!! fs4_,_,_, ,.:_.:,wd ',ile radio transmission
, i

._nds. The next l:)load ob]: <.:live i': ::J_._c_,.,. _.,_,,,alcl o_!evtr_:,.;,:_ ',his rJ_(,,,_;,'._l niough more effi-

lent frequc_ncy utiJizat]on:

3 - Determine optimum usa of _!,,' <sJec!_(,r_.:_F_neLicsi:ec_rum tor commu_ficatlons
and navigation sa_,e!lite sysi_:ms. Ir_p-_rtic,Jl:lr, determine the.qutistical

variation in electra _ac,:_el;c., _,_o-,'_,,Jl;a,q:_.-:, , through *_-_,...earth's atmospt_ere

at all poten]ially us_'i:uJ v,,avcJcr_,:jtl_s.

he significant problern here is tl_c.i- ihe frcJ_lUency band now assigned to communications with

bnd control ofspacecraR will soo_. be fuji• V7e mus; ti_e.refore examine trar, smissTon character-

stlcs in other transmissio_ bonds tl_c_t might provide so;isfactor7 service. Meanwhile, the

mprovement in efficiency of prc.'.cr_t-day scrvlce and the reduction of interference associated

uithsuch service should ba inves,_g-.qed. Also, the practicability of sharing frequencies between

ipace and terrestrial services sl_r.,uld be studied further. Accordingly, the following specific
_bjectlves have been established.

Define the absorption, scattering, refractive, and noise characteristics of
the atmosphere and near-earth space over the frequency range 4 to 100
GHz. and 0.56 to 10.6 microns.

Assess the use of and develop space and ground technology for millimeter-

wave satellite communications systems.

Assess the use of and develop technology for laser satellite communications

systems.
.>

Investigate radio frequency interference between satellite systems, and

between satellite and ierrestrial systems sharing the same frequencies, and

the influence of propagation mechanisms on such interference.

As more and more space applications systems become operational and more users are involved,

NASA must act as the space communications and navigation consultant to govemment and
industry. This consultation activity is identified as the following broad objective:

4 - Fulfill NASA's role as space communications and navigation consultant to

government and industry.

NASA_s responsibilities as an advisor to other government agencies are growing in step with the

increase in space applications in these areas. To perform this function effectively for each
Agency, we must maintain an understanding of the continued technology advances in this area

and the new capabilities offered by such advances. It is only by this means that we can advise

otksrs on the most effective manner or possible alternatives to satisfy given requirements.

Accordingly, the specific objectives which relate to consultation are as follows:

Define the considerations affecting satellite spacing in the geosynchronous
orbit.
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Define Ihe coi,sider<_onsafrectTngfr_-fluency_!iocations for spqce
applications.

Q Perform on a continuing basis studies and analyses necessary for NASA to

fulfill its responsibilities to advise the FCC and other government agencies

concerning technical charact_;ristics and desirability of cornmunlcations

and navigation satellite systems.

Asslst in the preparation of technical documentation for national and infer-

national organizations concerned wlth space frequency allocations.
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SPACE IECH ;gi.C :T

Space technology is the development cf that body of knowled_e anti ,:_.x[__;i. ;,c.c lb:'.:, _:_r_L._r_:s
the Nation to undertake and accomplish new space missicnso Such new kno,.v[c.d__!_;c._d

experience are prerequisitles for pres_.t and planned activll;es described in o.IT.er :"ace

program categories, The following are a few illustrative e×amples of how s_:_c_ t_,::I,n:,I,:'37

contributed to and was utilized in developing many inlpo_,ant elemenis of aur rna_:r:_.,:]sp,'_ce
flight vehicles:

Building of the Saturn V was based on a large bray of missile and !_rr;_._utsi,;_n

technology. From the missile buildup of the 1950'scamerhe 250,030-p_ur_J

thrust oxygen-JP engines and from these came the development of the 1 ..5
milllon-pound thrust F-1 en,gineo From hydrogen-oxygen research in the

1950_s came the 15,000-pour_ thrust RL-10 and 200,000-pound thrust J--2

engines for upper stage propulsion.

Building of the Apollo spacecraft was based on the technology of _he Mercury

and Geminispacec|aft. The configurations of all stemmed from the blunt

body entry concept of Allen in the early 1950's and subsequent research

on entry heating and ablation materials.

Goal

These examples remind us of the large body of knowledge accumulated from diverse sources

overa long period of time that isutilized for specific space developments° Such new develop-

ments, which will lead to future accomplishments in space, are dependent on technology
advances resulting from continued research activity, l"hus_ the goal of Space Technology is:

To advance fundamental knowledge pertinent to space flight, to provide the

technical capability for undertaking future missions, and to expand the
usefulness and reduce the cost of space operations.

Possible Future Achievements

Pursuit of this goal will lead to the following technological achievements:

• Establishment of a technology base enabling the conduct of future missions
that best serve the national interest.

• Establishing a base of technology that is relevant to national security.

Establishing a base of technology, for activities not related to aerospace,
that would increase the Nation's capabillty to undertake new public works

and servlces and would stimulate innovations in the private sector°
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The values associated wilh _he c:!,ove ac[;ieverr, c:_i:, do nc;t :._m_: from development of tile

technology itself but fronl its apF.,li=alion to :,pe_.:ific d_:vc;l._,pmen_s. In lhe space program,

the values ere the,efore reflected in new mission c_nd operating capGbilities developed in
each program ar_a.

Once a spec;flc element of technology hc_sbeen k;re'Jgl_t to a useful poinl there are generally

manyapplicatiens for it. Typical examplc:., are space vehlc!e guidance and control, propulsion,
electric power, structures, ond communicai-ions a_;d ir, strurlcn_a;_on. The Gpp!ication of these

technologies becomes part of the developm._nt progrc;m where the technology is tailored to tl_e

mission. The capabilities that result from such new teci_no[ogyare therefore also reflected in
the var;ous program areas°

Objectives

The broad and specific objectives, which have been developed for technology, cover a wide
spectrum. The first of these objectives is:

1 - To advance the technology for leaving and entering the atmospheres of and
landing on various planetary bodies, including earth.

Accomplishment of th;s objective will require the development of new concepts and materials,

testing of the concepts in ground-based facilities, and demonstration of some in flight. Some
of the specific objectives that will lead to the achievement of this broad objective are:

To establish technology for low-cost refurbishable or replaceable heat

shields; to determine radiation characteristics of super alloys and coated
refractories for reusable heat shields on earth entry vehicles.

r _.

t

_l_ _. .._,.._

i

_ o_'_ .-_,_ _IP_

EXAMPLES OF LIFTING ENTRY VEttlCLE RESEARCH
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• •

To eslc!:=lish _,._:_ticc:l i_;!.e-off ¢:nd l_orizont,_l Icin.jit_g characteri_',cs of

lit:tiztg bodi_-._, I,, ;_,,,r.:i;5_ate va_ iable geom: ta/ l ill il_g entr), configurations

with auxillu O' d_v;c_.,s; io experiment with fiexi',ste wing and _oior descent

systenis; alld I,_d_f_'srir,;n,_: the feasibility of ,,eitica! iake-off, and
horizerltol ]clr,._i:_,:3 fn, le._os_ble ,: '• ,_a _:_ entry vehicle:;.

To h_x'estig.r_t_" i:Ic_n.':,_._y descent systems, including _ Mach No. 3

paracllute, a hL:ch ldo. 4-4.5 daculerator, tlexibl{: wings, and rotors

for h6_rs afnio.?!_c.rlc cithT; to study non-equilibrium radiation and heat

shields for c,=',ry into lhe atmospheres of Venus and Jupiter.

To determine loads on'.I heating of launch vehicles ascending through

the atrnosphere, incf_;ding exhaust plume radiation, flame scaling, Base

flow fields, ond aerodynamic loads°

To develop lhe aerothermodynamic and heat protection technology

required for the design of spacecraft to survive entry into the earth's

atmosphere on return from planetary missions.

I

/
_._ -%,

¢

/

SYSTEM FOR ENTRY INTO MARS ATMOSPHERE
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As we move tow_rd the larqer and more complex :! .',_.' ,.c,hi.:'l ..... of l-be future there is a growing
need for tile d_:ve[ol:;ment o[ new sl'ructuroI corc_'7._ _nd new mc_teriols. Techno!ogy needs in

this area lead to lhe following broad objective:

2 - To adv,:._nce the technolog>.' of light v,.eigl,t s:r_ctures_ t!_e knowledge in the
materials sciences, the use of new material:, :he understanding of the

dynam]cs of complex sl'ruclures, and the u_c.:,;sfandin3 of interuclions of

space systems with their operating envi:en_cnt.

This broad objective requires work to be peHormed en such things as air leakaL_e, expandable

structures, insulation, meteoroid bumpers_ and the development of new materials. Some of

the specific objectives that focus this activity are:

To advance the understanding of the Fundamental properties of the solid

state with principal emphasis on quantitative relationships between

electronic, atomic, molecular, and macrescepic structures of materials

and their physical, chemical, and mechanical properties.

1"o support basic research on engineering materials of inlerest to space

systems, including the behavior and properties of metalsr ceramics,
polymers, and composites.

• To study the composition and possible utilization of extraterrestrial
materials.

b_
• To investigate new concepts of Forming and processing of materials on

earth and in space.

• To develop the technology for lunar shelters.

• To determine the characterlstics of structures for orbiting radio telescopes

having a diameter of a mile or greater.

• To establish technology for storage of liquid hydrogen in space.

To develop the technology for effective temperature control of long-life,

complex spacecraft operating in all portions of the solar system.

To determine the sources of self contamination of spacecraft and to
reduce to a level where it will not interfere with in-space optical
observat ions.

To provide design criteria for protection of space vehicles against
meteoroid damage in the near-earth and asteroid belt regions and on

lunar and planetary surfaces.
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CONCEPT OF LIGHT WEIGHT DEPLOYABLE STRUCTURE

Present-day automated spacecraft derive their electrical power from the sun and manned space-
craft use fuel cells to generate electric power. However, power requirem.c,r.ts of future space

systems will far exceed those of our spacecraft to date. These additional rcqulrementswill

be in terms of increased power, lifetimes of several years, and high efficicnc/. Research
is therefore necessary to extend the capabilities of our present-day methods of electric power
generation and also to develop new electric power generation techniques. The need for this

technology thus leads to the following broad objective:

3 - To develop technology and system capabilities for efficient .qener¢_:ion and
distribution of the required levels of electrical power in the various regions
of space and on the surface of the moon and planets.

In achieving this broad objective, it will be necessary to identify ways to ex._end the capabilities

of present methods and to develop new techniques and concepts for electrlcal power generation.
To prove-out the results of this research, proof-of-concept programs must then be conducted on

the more promlsing approaches. The following specific objectives inclu-Je both the initial

research and the later proof-of-concept activities:

Q To provide the technology for nuclear electric power generation systems,

including isotope thermoelectric, isotope Brayton cycle, Ral_klne cycle

(SNAP-8), advanced Rankine cycle, thermionlc, and magne_'c_hydrodynam_c.

• To obtain the technology for chemical and electro-chemical power generation
and storage devices with emphasis on fuel cells and secondary batteries.
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To develop the capak, ility of providirL 9 solar eleclri,-_ power.g..nera,_' "ion
over a range of power levals, te:np'.:ratur.e, and ra;.tiator environmer_ts

and to investigate conc_ts'ts for v,._ry ',arg,:" area and low-cost systems.

P

1

CONCEPT OF HIGH PRESSURE CHEMICAL ROCKET ENGINE

As the concepts of future space activity become more clearly defined, more stringent require-
ments will be placed on the propulsion systems. These requirements will be in terms of increased

performance, operating flexibility, and reliability, thus leading to the broad objective:

4 - To advance the capability of launch vehicles and space propulsion systems
in terms of performance, operational effectiveness, and rel lability.

The broad objective of launch vehicles and space propulsion embraces chemical, nuclear', and
electric propulsion; each of which requires proof-of-concept programs. The following specific

objectives must be achieved to support the broad objective, and of these reusabillty is one of

the most intriguing for the future:

To develop a reusable nuclear propulsion stage, using the 75-thousand-

pound thrust fllght-type Nerva engine now in development, having the

capability to serve a number of propulsion applications in space.

• To examine advanced nuclear propulsion concepts having specific impulses

greater than 1000 seconds, such as the gaseous core reactor.

To provide the chemical propulsion technology for low-cost expendable

and reusable launch vehicles for small, intermediate size (100,000 pound

class) and large size (250,000 pound class) payloads.

104



O To provide the technology for r,pacecraft ci_emicc_i _)ropuls'on S_'Sf_.!nIs to meet

a variety of mission needs, "snc_'uJing... higl_.._nergy p,c..pe i, c_,rs, l_igl_ specific thrust

levels, a space storable capabilily, a rnu!:TFie star; capabiliiy, and variable thrust.

To provide electric thruster systems technoloqy tel auxilia:y and primary
spacecraft propulsion.
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NERVA NUCLEAR ROCKET ENGINE

Electronic systems will continue to play a major role in space vehicles of the future. Thus, as

the capability requirements for future missions increase there will be an accompanying need for
further advances in electronic components and systems. This need leads to the following broad
objective:

5 - To advance the technology of electronic components and systems and to

utilize this technology to provide effective means for: sensing of physical

and biological phenomena; handling of information - including discrimination,

processing, storage and transmission; improving guidance, navigation,
stabilization, and control of spacecraft; and developing long-life and low

cost of electronic systems.

The impact of achieving the broad objective in electronics will reach into almost every facet of

the space program. Specific objectives which will lead to achievement of this broad objective
are as follows:
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o Instrumentation: To develop solid sI,:,l :_ im:_2_:,._ device, s havirig re__olutlor,s

in excess of 1000 lilies pet" h-_ch (con_p_nrable to present-day p',_otographic ar_l

TV tube performance) as a means for impro,,[_:_ the relk_bility and versatility

of sensors used in sp_.ce sclcr, c,: and ,'._pp',icc,fioz_ missions. To extend the
spectral range, of aval!able ser, sors into tJ_.eX-ray, UV, and far IR regions

in support of earth surveys and astror_omi¢c_[ missions.

Data processing: To develo_ technology forl_igh capacity (108- 109 bits)

random-access, on-board memories suitable for use in manned and unmanned

earth o,'bital missions where large quantities o£ data or complex instructions

must be stored forshort periods oftimeo To develop the technology for bulk
storage memorSes of 1012 bits which would be compatible with high resolution,

video data requirements for both on-board and ground-based data systems.
To develop data compression techniques whict, will permit on-board processing

and extraction of critical data for transmission to earth during planetary mission

operations.

Communications: To develop antennas, transmitters, receiving elements, and
coding techniques for high capacity (1 08 bits,/sec)_ reliable communication

links between orbital or planetary, spacecraft and ground stations. To develop

milllmeter wavelength components for communication through entry or reentry

plasmas.

Optical technology: To develop technology and test techniques for achieving

large (3-5 meter), diffraction-limited telescopes suitable for astronomical

observations in the space environment. To develop components and evaluate

operational concepts for optical communication links between spacecraft and
earth, as well as between craft in space.

Guidance: To develop ineltial sensors and systems (gyrosr accelerometers, and

platforms) for long duration manned missions and logistics vehicles where long
life and reduced costs are essential. To develop techniques and components

for planetary approach guidance to achieve accuracies of + 10 to 20 km which

would be compatible with landing, orbiting_ or planetary swingby maneuvers,.

Attitude control: To develop precise_ Iong-llfe control systems and components

which can provide platform stability on the order of tenths of an arc second and

pointing accuracies of thousandths of an arc second compatible with requirements

for large astronomical telescopes. To develop technlques for the effective control
of large, flexible structures such as radlotelescope antennas and multi-element

space stations.
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Component technology: To develop electronic components of minimum size,

weighf_ and power consumption to enhance payload capability and reduce the
power requirements of all types of space missions. To understand mechanisms of

failure and from this to develop components with lifetimes in excess of 10 years

which would be compatible with long duration outer space missions. To develop

high temperature (450°C) components capable of operating in the temperature

extremes encountered by near-solar probes or Venus and Mercury landers.



Systems that have a cap.,abillty to provide life supD_t arid useful manual and machine op: _.

by man in space are a r,lajor techr.olc3y need _or long--du:a;ion flight. One requirement .ct_

Iong-durc4ion s,,,s_,ms is tl;eability to opera!e with inf,u,:tue!11 resuppiy. The need forsuc:, systems

leads to the broad objective:

6 - To provide !,;ghly leliable, repahable, and long llfe systems for life support,

mobility, and machi,_e assistance for man in space and du,ing extraterrestrial

surface operat ions°

Achievement of: thls objective deals almost solely with support of man and his functions in

space, As such, it is an element of technology that is closely interrelated with similar activity

_n the area of Space MedTclne. The following are the specific objectives that have been
identified to achieve the broad objective above:

To provide the technology for spacecraft systems that supply_ process, monitor,
and control the composition_ pressure_ and temperature of atmospheres for

maintaining man in space.

• To provide the technology for systems that supply, process, and control water
and food for human use in space.

To provide the technology for systems that remove gaseous, liquid, and solid

waste products, that reclaim water, oxygen, and other elements for reuse
and that make maximum use of the remaining mass.

T_ provide the technology for equipment, mechanisms, tools, and supplies that

will enable man to perform assembly and repair functions in space and on the

surface of the moon or a planet.
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to:_,_.__,,..:n of all si",:.ce iechnoJogv resi'_ on the sclcn_'ifi" disciplines the,_ provide a
,_ J I • . i •_ur,d_men:,:_, unaels:-anding ef the preo:srses i::volv_:c. 1hls leads to |he broad objective:

/ - "_o ;ncrease know!edge in the sc;ences basEc to sFx_.ce flight and to extra-

terr,_strial surface operations.

"l'h_._act, ievernent of this broad objective requires lheoretical analyses supported by Fundamental

laborater/ research in the several areas of the sciences that are basic to space flight. Specific

o!:_jecflves that will lead to the achlevernent of this bread objective are as fellows:

0 To obtain increased electronic, atomic, and molecular level under-

s!anding of the basic properties of matter in the plasma, gaseous, liquid,

and solid physical s_ates.

0 To conduct basic research on gas dynamic problems relevant to space

systems, including gas dynamic lasers, reentry, and internal and
external flow.

0 To create new and improve existing mathematical technlques_ models,

and computer programs required for efficient solution of problems in

space technology.
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